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MATTHEW  STEWART,  D,  D. » 


1  HJe  Revw^end  Dr  Matthew  Stevart,  late  Pro- 
fessor of  Mathematics  in  the  UniTersity  of  Edinburgh, 
was  the  son  of  the  Reverend  Mr  Dugald  Stewart, 
Minister  of  Rothsay  in  the  Isle  of  Bute,  and  was 
born  at  that  place  in  the  year  17 17*  After  having 
finished  his  course  at  thye  grammar-school,  being 
intended  by  his  father  for  the  church,  he  was  sent 
to  the  University  of  Glasgow,  and  was  entered 
tl^ere  as  a  student  in  1734.  His  academical  studies 
were  prosecuted  with  diligence  and  success ;  and  he 
was  so  happy  as  to  be  particularly  distinguished  by 
the  friendship  of  Dr  Hutcheson  and  Pr  $imson« 
With  the  latter,  indeed,  he  soon  became  very  inti- 
mately connected ;  for  though  it  is  said,  that  his 
predilection  for  the  mathematics  did  not  instantlf 
appear  on  his  application  to  the  study  of  that 
science,  yet  the  particular  direction  of  his  talents 
was  probably  observed  ))y  his  master  before  it  was 

*  From  the  Transactions  of  the  Royal  Society  of  Edin* 
burghj  VoL  I.  (1788.)— Ed. 
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perceived  by  himself.     Accordingly,  after  being 
the  pupil  of  Dr  Sirason,  he  became  his  friend ; 
and  during  all  the  time  that  he  remained  at  the 
University  of  Glasgow,  pursuing  the  studies  of  phi- 
losophy and  theology,  he  lived  in  the  closest  inti- 
macy with  that  excellent  mathematician,  and  was 
instructed  by  him  in,  what  might  not  improperly  be 
called,  the  arcana  of  the  ancient  geometry.     That 
science  was  yet  involved  in  some  degree  of  mystery ; 
for  though  the  extent  of  its  discoveries  was  nearly 
ascertained,  its  analysis,  or  method  of  investigation, 
was  but  imperfectly  understood,  and  seemed  inade* 
quate  to  the  discoveries  which  had  been  made  by  it. 
The  learning  and  genius  of  Viviani,  Fermat,  Hal- 
ley,  and  of  other  excellent  mathematicians,  had  al- 
ready been  employed  in  removing  this  difficulty ; 
bat  their  effi)rt8  had  not  been  attended  with  com- 
plete success.     Dr  Simson  was  now  engaged  in 
perfecting  what  they  had  begun,  and  in  resisting 
the  encroachments,  which  he  conceived  the  mo- 
dam  analysis  to  be  making  upon  the  ancient.  With 
this  view,  he  had  already  published  a  treatise  of 
Conic  Sections,  and  was  now  preparing  a  restora- 
ikxi  of  the  Loci  Plani  of  Apollonius,  in  which  that 
work  was  to  resume  its  original  elegance  and  tmn- 
plicity.     To  tliese,  and  other  studies  of  the  same 
kind,  he  constantly  directed  the  attention  of  his 
young  fnend,  while  he  was  delighted,  and  astonish- 
ed at  the  rapidity  of  his  progress. 


OF  DR  MATTHEW  8TEWABT.  9 

Mr  Stewart's  views  made  it  necessary  for  him  to 
attend  the  lectures  in  the  University  of  Edinburgh 
in  1741 ;  and  that  his  mathematical  studies  nught 
suffer  no  interruption^  he  was  introduced  by  I^ 
Simson  to  Mr  Maclanrin,  who  was  then  teaching! 
with  so  much  success,  both  the  geometry  and  the 
philosophy  of  Nev^on.  Mr  Stewart  attended  his 
lectures,  and  made  that  proficiency  which  was  to  be 
expected  from  the  abilities  of  such  a  pupil,  directed 
by  those  of  so  great  a  master.  But  the  modem 
analysis,  even  when  thus  powerfully  recommended, 
was  not  able  to  withdraw  his  attention  from  the 
ancient  geometry.  He  kept  up  a  regular  corre- 
spondence with  Dr  Simson,  giving  him  an  account 
of  his  progress,  and  of  his  discoveries  in  geometry^ 
which  were  now  both  numerous  and  important, 
and  receiving  in  return  many  curious  communica- 
tions with  respect  to  the  Loci  Planij  and  the 
Forisms  of  Euclid.  These  last  formed  the  most 
intricate  and  paradoxical  subject  in  the  history  of 
the  ancient  mathematics.  Ewry  thing  concerning 
them,  but  the  tiame,  had  perished.  Pappus  Alex- 
andrinus  has  made  mention  of  three  books  of  Po- 
risms  written  by  Euclid,  and  has  given  an  account 
of  what  they  contained  ;  but  this  account  has  suf- 
fered so  much  from  the  injuries  of  time,  that  the 
sense  of  one  proposition  only  is  complete.  There 
was  no  diagram  to  direct  the  geometer  in  his  re^ 
searches,  nor  any  general  notion  of  the  subject,  or 
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of  the  form  of  the  propositions,  to  serve  as  a  rule 
for  his  conjectures.  The  task,  therefore,  of  re^ 
storing  these  ancient  books,  which  Dr  Simson  now 
imposed  on  himself,  exceeded  infinitely  the  ordi- 
nary labours  of  the  critic  or  the  antiquary ;  and  it 
was  only  by  uniting  the  learning  and  diligence  of 
these  two  characters,  with  the  skill  of  a  profound 
*  geometer,  that  he  was  at  last  successful  in  this  dif- 
ficult undertaking.  He  had  begun  it  as  early  as 
the  year  17^»  hut  seems  to  have  communicated 
the  whole  progress  of  his  discoveries  to  Mr  Stewart 
alone. 

While  the  second  invention  of  Porisms,  to  which 
more  genius  was  perhaps  required  than  to  the  first 
discovery  of  them,  employed  Dr  Simson,  Mr 
Stewart  pursued  the  same  subject  in  a  different, 
and  new  direction.  In  doing  so,  he  was  led  to  the 
discovery  of  those  curious  and  interesting  proposi- 
tions, which  were  published,  under  the  title  of 
General  Theorems,  in  174*6.  They  were  given 
without  the  demonstrations ;  but  did  not  fail  to 
place  their  discoverer  at  once  among  the  geometers 
of  the  first  rank.  They  are,  for  the  most  part, 
Porisms,  though  Mr  Stewart,  careful  not  to  antici- 
pate the  discoveries  of  his  friend,  gave  them  no 
other  name  than  that  of  Theorems.  They  are 
among  the  most  beautiful,  as  well  as  most  general 
propositions  known  in  the  whole  compass  of  geome- 
try, and  are  perhaps  only  equalled  by  the  remark- 
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able  Locus  to  the  circle  in  the  second  book  of 
ApoUonius,  or  by  the  celebrated  theorem  of  Mr 
Cotes.  The  first  demonstration  of  any  consider- 
able number  of  them,  is  that  which  was  lately  com- 
municated to  this  Society,  *  though  I  believe  there 
are  few  mathematicians,  into  whose  hands  they 
have  fallen,  whose  skill  they  have  not  often  exercis- 
ed. The  unity  which  prevails  among  them  is  a 
proof,  that  a  single,  though  extensive  view,  guided 
Mr  Stewart  in  the  discovery  of  them  all.  It  seems 
probable,  that,  while  he  aimed  at  extending  geo- 
metry beyond  the  limits  it  had  reached  with  the 
ancients,  he  had  begun  to  consider  the  Locus  ad 
quatuor  rectaSj  beyond  which  their  analysis  had  not 
reached.  With  this  view,  he,  no  doubt,  thought  of 
extending  the  hypotheses  of  that  problem  to  their 
utmost  generality  \  that  is,  to  any  number  of  per- 
pendiculars drawn  to  an  equal  number  of  lines,  and 
to  any  power  whatever  of  these  perpendiculars. 
In  doing  this,  he  could  not  fail  to  meet  with  many 
curious  porisms ;  for  a  porism  is  nothing  else  than 
that  particular  case,  when  the  data  of  a  problem  are 
so  related  to  one  another,  as  to  render  it  indefinite, 
or  capable  of  innumerable  solutions.  These  case8» 
which  rarely  occur,  except  in  the  construction  of 
very  general  and  complicated  problems,  must  always 
interest  a  geometer,  because  they  trace  out  the  di- 


*  By  the  Reverend  Dr  Small. 
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tisioiu  of  his  subject,  and  are  usuaOy  distinguished 
by  an  elegance  and  sim^dicity  peculiar  to  them« 
selves.  Such,  accordingly,  were  the  proportions 
which  Mr  Stewart  now  communicated  to  the  worid* 
He  suppressed  his  inrestigations,  however,  which 
were  geometrical,  and  which,  if  given  with  all  the 
precision  required  by  the  forms  of  the  ancient  geo* 
metry,  would  probably  have  occupied  several  vo- 
lumes. 

The  history  of  these  geometrical  discoveries  has 
led  us  to  neglect  the  order  of  time.  For  Mr 
Stewart,  while  engaged  in  them,  had  entered  into 
the  church,  and,  through  the  patronage  of  the  Earl 
of  Bute  and  the  Duke  of  Arg^e,  had  obtained  the 
living  of  Roseneath.  It  was  in  that  retired  and 
romantic  situation,  that  he  discovered  the  greatei 
part  of  the  propositions,  that  hove  just  been  men* 
tioned.  There,  also,  he  used  to  receive  the  visits 
of  his  friend  Mr  Melvil,  whose  ingenious  observa- 
tions in  the  Physical  and  Literary  Essays  give 
us  cause  to  regret  that  he  was  so  early  taken  from 
the  world  of  science.  * 

In  the  summer  of  17^6,'  the  mathematical  chair 
in  the  University  of  Edinburgh  became  vacant  by 
the  death  of  Mr  Maciaurin.  The  General  Theo- 
rems had  not  yet  appeared ;  Mr  Stewart  was  known 
only  to  his  friends }  and  the  eyes  of  the  public  were 

*  Observations  on  Light  and  Colours^  Phys.  and  Lit. 
FsMiys,  Vol.  IL  Art.  4. 
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naturally  turned  on  Mr  Stirling,  who  then  resided 
at  Leadhills,  and  who  was  well  known  in  the  mathe- 
matical world.  He,  however,  declined  appearing 
•8  a  cmdidate  for  the  vacant  chair ;  and  several 
others  were  named,  among  whom  was  Mr  Stewart. 
In  the  end  of  this  year,  the  General  Theorems 
were  published,  and  gave  to  their  author  a  decided 
superiority*  abov»  all  the  other  candidates.  He  was 
accordingly  elected  Professor  of  Mathematics  in 
the  University  of  Edinburgh,  in  the  b^inning  of 
September  17^* 

The  duties  of  this  office  gave  a  turn  somewhat 
•diflfenent  to  his  mathematical  pursuits^  and  led  him 
to  think  of  the  most  simple  and  elegant  means  of 
explaining  those  difficult  propositions,  which  were 
hitherto  only  accessible  to  men  deeply  versed  in  the 
modem  analysis.  In  doing  this,  he  was  pursuing 
the  object  which,  of  all  others,  he  most  ardently 
wished  to  attain,  viz.  the  application  of  geometry  to 
such  problems  as  the  algebraic  calculus  alone  had 
been  thought  able  to  resolve.  His  solution  of 
Kepler's  problem  was  the  first  specimen  of  this 
kind  which  he  gave  to  the  world ;  and  it  was  im- 
possible to  have  produced  one  more  to  the  credit  of 
the  method  he  followed,  pr  of  the  abilities  with 
which  he  applied  it.  When  the  astronomer,  from 
whom  that  problem  takes  its  name,  discovered  the 
dliptical  motion  of  the  planets,  and  their  equable 
description  of  areas  round  the  sun,  he  reduced  the 
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problem,  of  computing  the  place  of  a  planet  for 
a  given  time,  to  that  of  drawing  a  line  through  the 
focus  of  an  ellipse,  that  should  divide  the  area  of 
the  semi-ellipse  in  a  given  ratio.  It  was  soon 
found,  that  this  problem  did  not  admit  of  an  accu- 
rate solution  ;  and  that  no  more  was  to  be  expected, 
than  an  easy  and  exact  approximation.  In  this, 
ever  since  .the  days  of  Kepler,  the  mathematicians 
of  the  first  name  had  heevh  engaged,  and  the 
utmost  resources  of  the  integral  calculus  had  been 
employed.  But  though  many  excellent  solutions 
had  been  given,  there  was  none  of  them  at  once 
direct  in  its  method  and  simple  in  its  principles. 
Mr  Stewart  was  so  happy  as  to  attain  both  these 
objects.  He  founds  his  solution  on  a  general  pro- 
perty of  curves,  which,  though  very  simple,  bad 
perhaps  never  been  obseiTcd ;  and,  by  a  most  in- 
genious application  of  that  propeity,  he  shows  how 
the  approximation  may  be  continued  to  any  degree 
of  accuracy,  in  a  series  of  results  which  converge 
with  prodigious  rapidity.  Whoever  examines  this 
solution  will  be  astonished  to  find  a  problem  brought 
down  to  the  level  of  elementary  geometry,  which 
had  hitherto  seemed  to  require  the  finding  of  fluents 
and  the  reversion  of  series ;  he  will  acknowledge 
the  reasonableness  of  whatever  confidence  Mr 
Stewart  may  be  hereafter  found  to  place  in  those 
simple  methods  of  investigation,  which  he  could 
conduct  with  so  much  ingenuity  and  success ;  and 
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will  be  convinced,  that  the  sdution  of  a  problem, 
though  the  most  elementary,  may  be  the  least  ob- 
vious, and,  though  the  easiest  to  be  understood, 
may  be  the  most  difficult  to  be  discovered. 

This  solution  appeared  in  the  second  volume  of 
the  Essays  of  the  Philosophical  Society  of  Edin-* 
burgh,  for  the  year  1756.  In  the  first  volume  of 
the  same  collection,  there  are  some  other  proposi- 
tions of  Mr  Stewart's,  which  are  an  extension  of  a 
curious  theorem  m  the  fourth  book  of  Pappus. 
They  have  a  relation  to  the  subject  of  porisms,  and 
one  of  them  forms  the  9 1  st  of  Dr  Simson's  Restor- 
ation. They  are  besides  very  beautiful  proposi- 
tions, and  are  demonstrated  with  all  the  elegance 
and  simplicity  of  the  ancient  analysis. 

It  has  been  already  mentioned,  that  Mr  Stewart 
had  formed  the  plan  of  introducing  into  the  higher 
parts  of  mixed  mathematics  the  strict  and  simple 
form  of  ancient  demonstration.  The  prosecution 
of  this  plan  produced  the  Tracts  Physical  and  Map- 
thematical,  which  were  published  in  I76I.  In  the 
first  of  these,  Mr  Stewart  lays  down  the  doctrine 
of  centripetal  forces,  in  a  series  of  propositions,  de- 
monstrated (if  we  admit  the  quadrature  of  curves) 
with  the  utmost  rigour,  and  requiring  no  previous 
knowledge  of  the  mathematics,  except  the  elements 
of  plane  geometry,  and  of  conic  sections.  The 
good  order  of  these  propositions,  added  to  the 
clearness  and  simplicity  of  the  demonstrations, 
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renders  this  tract  the  best  elementary  treatise 
of  physical  astronomy  that  is  any  where  to  be 
found. 

In  the  three  remaining  tracts,  our  author  had  it 
in  view  to  determine,  by  the  same  rigorous  method, 
the  effect  of  those  forces  which  disturb  the  motions 
of  a  secondary  planet.  From  this  he  proposed  to 
deduce,  not  only  a  theory  of  the  moon,  but  a  de- 
termination of  the  sun's  distance  from  the  earth. 
The  former  is  well  known  to  be  the  most  diflScult 
subject  to  which  mathematics  have  been  applied. 
Though  begun  by  Sir  Isaac  Newton,  and  explun- 
ed,  as  to  its  principles,  with  singular  success ;  yet, 
as  to  the  full  detail  and  particular  explanation 
of  each  irregularity,  it  was  left  by  that  great  philo- 
sopher less  perfect  than  any  other  of  his  researches. 
Succeeding  mathematicians  had  been  employed 
about  the  same  subject ;  the  problem  of  the  Three 
Bodies  had  been  proposed  in  all  its  generality,  and, 
in  as  far  as  r^ards  the  motion  of  the  moon,  had 
been  resolved  by  a  direct  and  accurate  approxima- 
tion. But  the  intricacy  and  length  of  these  calcu- 
lations rendered  them  intelligible  only  to  those, 
who  were  well  versed  in  the  higher  parts  of  the  nuu 
thematics.  This  was  what  Dr  Stewart  proposed  to 
remedy,  by  giving  a  theory  of  the  moon  that  might 
depend,  if  possible,  on  elementary  geometry  alone, 
or  which  should,  at  least,  be  the  simplest  that  the 
nature  of  things  would  allow.    The  Tracts  were 
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destined  to  senre  as  the  basis  of  this  investigation. 
We  are  not,  however,  to  imagine,  that  Dr  Stewart 
intended  to  proceed  in  the  same  direct  manner 
that  Churault,  and  some  other  geometers,  had  done. 
It  is  not  probable  that  he  bdieved  this  to  be  with- 
in the  power  of  pure  geometry.     His  de^n  un- 
doubtedly was,  to  pursue  that  method  of  approxi- 
mation which  Sir  Isaac  Newton  had  b^un,  and 
which  Callendrini,  Machin,  and  Wahnsley,  had 
greatly  improved ;  and,  by  using  the  methods  of 
geometry,  he  hoped  to  reduce  the  problem  to  its 
ultimate  simplicity.      Such  an  undertaking  was 
worthy  of  a  great  geometer,  and  of  a  philosopher, 
who  considered  that  one  of  the  chief  obstructicms 
to  the  advancement  of  knowledge,  is  the  difficulty 
of  simplifying  that  knowledge,  which  has  already 
been  acquired.     We  must  r^ret,  therefore,  that 
the  decline  of  Dr  Stewart's  health,  which  began 
soon  after  the  publication  of  the  tracts,  did  not 
permit  him  to  pursue  this  investigation. 

The  other  object  of  the  Tracts  was  to  determine 
the  distance  of  the  sun,  from  his  e£fect  in  disturb*- 
ing  the  motions  of  the  moon.  The  appro^  of  the 
tnnsit  of  Venus,  which  was  to  hi^pen  in  1763l» 
had  turned  the  attention  of  mathematiGians  to  the 
sdution  of  this  oucious  problem.  Butvdien  it  was 
considered,  of  how  delicate  a  nature  the  observations 
wero  from  which  that  solution  was  to  be  deduced, 
and  to  how  many  accidents  they  were  exposed,  it 

10 
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was  natural,  that  some  attempt  should  be  made 
to  ascertain  the  dimensions  of  our  system,  hy 
means  less  subject  to  disappointment.  Such  ac* 
cordingly  was  the  design  of  Dr  Stewart ;  and  bis 
inquiries  into  the  lunar  irregularities  had  furnished 
him  with  the  means  of  accomplishing  it. 

The  theory  of  the  composition  and  resolution  of 
forces  enables  us  to  determine  what  part  of  the 
solar  force  is  employed  in  disturbing  the  motions  of 
the  mobn ;  and,  therefore,  could  we  measure  the 
instantaneous  effect  of  that  force,  or  the  number  of 
feet  by  which  it  accelerates  or  retards  the  moon's 
motion  in  a  second,  we  should  be  able  to  determine 
how  many  feet  the  whole  force  of  the  sun  would 
make  a  body,  at  the  distance  of  the  moon,  or  of  the 
earth,  descend  in  a  second,  and,  consequently, 
how  much  the  earth  is,  in  every  instant,  turned  out 
of  its  rectilineal  course.  Thus,  the  curvature  of 
the  earth's  orbit,  or,  which  is  the  same  thing,  the 
radius  of  that  orbit,  that  is,  the  distance  of  the  sun 
from  the  earth,  would  be  determined.  But  the 
fact  is,  that  the  instantaneous  effects  of  the  sun's 
disturbing  force  are  too  minute  to  be  measured ; 
and  that  it  is  only  the  effect  of  that  force,  conti- 
nued for  an  entire  revolution,  or  some  considerable 
portion  of  a  revolution,  which  astronomers  are 
able  to  observe. 

There  is  yet  a  greater  difficulty  which  embarras- 
ses the  solution  of  this  problem.    JFor,  as  it  is  only 

13 
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by  the  difference  of  the  forces  exerted  by  the  sun  on 
the  eartl^  and  on  the  moon,  that  the  motions  of  the 
latter  are  disturbed,  the  farther  off  the  sun  is  sup- 
posed, the  less  will  be  the  force  by  which  he  disturbs 
the  moon's  motions ;  yet  that  force  will  not  dimi- 
nish beyond  a  iSxed  limit,  and  a  certain  disturbance 
would  obtain,  even  if  the  distance  of  the  sun  were 
infinite.  Now  the  sun  is  actually  placed  at  so 
great  a  distance,  that  all  the  disturbances,  which  he 
produces  on  the  lunar  motions,  are  very  near  to  this 
limit,  and,  therefore,  a  small  mistake  in  estimating 
their  quantity,  or  in  reasoDing  about  them,  may 
give  the  distance  of  the  mn  infinite,  or  even  im- 
possible. But  all  this  did  not  deter  Dr  Stewart 
from  undertaking  the  solution  of  the  problem^  with 
no  other  assistance  than  that  which  geometry  could 
afford.  Indeed,  the  idea  of  such  a  problem  had 
first  occurred  to  Mr  Machin,  who,  in  his  book  on 
the  laws  of  the  moon's  motion,  has  just  mentioned 
it,  and  given  the  result  of  a  rude  calculation,  (the 
method  of  which  he  does  not  explain,)  which 
assigns  8^  for  the  par^Iax  of  the  sun.  He  made 
nse  of  the  motion  of  the  nodes,  but  Pr  Stewart 
considered  the  motion  of  the  apogeCj  or  of  the 
longer  axis  of  the  moon's  orbit,  as  the  irregularity 
best  adapted  to  his  pu]*pose.  It  is  well  known, 
that  the  orbit  of  the  moon  is  not  immoveable,  but 
that,  in  consequence  of  the  disturbing  force  of  th^ 
sun,  the  longer  axis  of  that  orbit  has  an  angular 
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motion^  by  which  it  goes  back  abodt  three  degreei 
in  every  lunation,  and  completes  an  entire  revolu* 
tion  in  nine  years  neariy.  This  motion,  though 
very  remarkable  and  easily  determined,  has  the 
same  feult,  in  respect  of  the  present  problem,  that 
was  ascribed  to  the  other  irr^ularities  of  the  moon } 
for  a  very  small  part  of  it  only  depends  on  the  pa* 
rallax  of  the  sun ;  and  of  this  Dr  Stewart,  as  will 
afterwards  appear,  seems  not  to  have  been  perfectly 
aware. 

The  propositions,  however,  which  defined  the 
relation  between  the  sun's  distance  and  the  mean 
motion  of  the  apogee,  were  published  among  the 
Tracts  in  1761.  Hie  transit  of  Venus  haj^ned 
in  that  same  year :  the  astronomers  returned,  who 
had  viewed  that  curious  phenomenon  from  the 
most  distant  staticms ;  and  no  very  satisfactory  re- 
sult was  obtained  from  a  comparison  of  their  ob- 
servations. Dr  Stewart  then  resolved  to  apply  the 
princij^es  he  had  already  laid  down  ;  and,  in  I76S, 
he  published  his  essay  on  the  sun's  distance,  where 
the  computation  being  actually  made,  the  parallax 
of  the  sun  was  found  to  be  no  more  than  6^.9* 
and  his  distance,  of  consequence,  almost  99875  se- 
midiameters  of  the  earth.  * 

A  determination  of  the  sun's  distance,  that  so 
far  exceeded  all  former  estimations  of  it,  was  re- 


About  118,541^42S  English  miles. 
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ceived  with  surprise,  and  the  reasoning  on  which  it 
was  founded  was  likely  to  be  subjected  to  a  severe 
e^camination.     But,  even   among  astronomers,  it 
was  pot  every  one  who  could  judge  in  a  matter  of 
such  difficult  discussion.     Accordingly,  it  was  not 
till  about  five  years  after  the  publication  of  the 
Sun's  Distance,  that  there  appeared  a  pamphlet, 
mider  the  title  of  Four  Propositions,  intended  to 
point  out  certain  errors  in  Dr  Stewart's  investiga- 
tion, which  had  given  a  result  much  greater  than 
the  truth.     A  dispute  in  geometry  was  matter  of 
wonder  to  many,  and  perhaps  of  satisfiiction  to  some, 
who  envied  that  science  the  certainty  of  its  conclu- 
sions.    On  account  of  such,  it  must  be  observed, 
that  there  are  problems  so  extremely  difficult,  that, 
jp  the  solution  of  then;i,  it  is  possible  only  to  ^- 
proximate  to  the  truth ;  and  that,  as  in  arithmetic, 
we  neglect  those  small  fractions,  which,  though  of 
inconuderable  amount,  would  exceedingly  embar- 
rass our  computations  ;  so,  in  geometry,  it  is  some- 
times necessary  to  reject  those  small  quantities, 
which  would  add  little  to  the  accuracy,  and  much 
to  the  difficulty  of  the  investigation.    In  both  cases, 
however,  the  same  thing  may  happen  ;  though  each 
quantity  thrown  out  may  be  inconsiderable  in  itself, 
yet  the  amount  of  them  altogether,  and  their  effect 
on  the  last  result,  may  be  greater  than  is  appre- 
hended.    This  was  just  what  had  happened  in  the 
present  case.   The  problem  to  be  resolved  is,  in  its 

VOL.   IV.  B 
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nature,  so  complex,  and  involves  the  estimation  of 
so  many  causes,  that,  to  avoid  inextricable  difficul- 
ties, it  is  necessary  to  reject  some  quantities,  as 
being  small  in  comparison  of  the  rest,  and  to  reason 
a^  if  they  had  no  existence.  Dr  Stewart,  too,  it 
must  be  confessed,  had  an  additional  motive  for 
wishing  to  simplify  ^  his  investigation.  This  was, 
his  resolution  to  employ  in  it  no  other  method  than 
the  geometrical,  which,  however  excellent  in  other 
respects,  is  inferior  to  algebra,  for  the  conducting 
of  very  complicated  reasonings.  The  skill  of  this 
most  profound  and  experienced  geometer  could  not 
remedy  that  defect ;  and  he  was  reduced  to  the 
necessity  of  rejecting  quantities,  which  were  consi- 
derable enough  to  have  a  great  effect  on  the  last  re- 
sult. An  error  was  thereby  introduced,  which,  had 
it  not  been  for  certain  compensations,  would  have 
become  immediately  obvious,  by  giving  the  sun's 
distance  near  three  times  as  great  as  that  which  has 
been  mentioned. 

The  author  of  the  pamphlet,  referred  to  above, 
was  the  first  who  remarked  the  dangerous  nature  of 
these  simplifications,  and  who  attempted  to  estimate 
the  error  to  which  they  had  given  rise.  In  this 
last,  however,  he  has  not  completely  succeeded ; 
and  that,  too,  by  committing  a  mistake  similar  to 
that  which  he  censured  in  Dr  Stewart,  and  by  re- 
jecting quantities  not  less  than  some  which  he  re- 
tained.   He  observed,  however,  what  produced  the 
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compensation  that  has  been  taken  notice  of,  viz.  the 
immense  variation  of  the  sun's  distance,  which  cor- 
responds to  a  very  small  variation  of  the  motion  of 
the  moon's  apogee.  It  is  doubtftil,  whether  Dr 
Stewart  was  fully  apprized  of  this  circumstance  ;  be« 
cause  the  geometrical  method,  elegant  and  beautiful 
as  it  is,  rarely  presents  a  general  view  of  the  rela- 
tions, which  the  magnitudes  it  treats  of  bear  to  one 
another ;  and  many  of  these  relations  may,  there- 
fore, escape  the  most  profound  geometer,  which  an 
algebraist,  of  more  ordinary  abilities,  would  pot 
have  failed  to  discover. 

There  are  other  of  this  author's  strictures  which 
we  cannot  admit  as  just,  but  which  we  will  not  at- 
tempt here  either  to  enumerate  or  refute.  Yet  it 
were  doing  great  injustice  to  his  remarks,  not  to 
acknowledge,  that,  besides  being  just  in  (he  points 
already  mentioned,  they  are,  every  where,  ingeni- 
ous, and  written  with  much  modesty  and  good 
temper.  The  author,  who  concealed  his  nraie,  and 
permits  it  now,  for  the  first  time,  to  be  publicly 
mentioned,  was  Mr  Dawson,  a  surgeon  at  Sud- 
bury in  Yorkshire  ;  a  man,  as  it  should  seem,  who 
might  tiave  enjoyed  more  of  the  fame,  had  he  been 
less  satisfied  with  the  possession  of  knowledge. 

A  second  attack  was  soon  after  this  made  on  the 
Sun's  Distance,  by  Mr  Landen ;  but  by  no  means 
with  the  same  good  temper  which  has  been  remark- 
ed in  the  former.     He  fancied  to  himself  errors  in 
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Dr  Stewart's  investigation,  which  have  no  exist- 
ence ;  he  exaggerated  those  that  were  real,  and 
seemed  to  triumph  in  the  discovery  of  them  with 
unbecoming  exultation.  If  there  are  any  subjects 
on  which  men  may  be  expected  to  reason  dispas- 
sionately, they  are  certainly  the  properties  of  num- 
ber and  extension  ;  and  whatever  pretexts  moralists 
or  divines  may  have  for  abusing  one  another^  ma* 
thematiciatis  can  lay  claim  to  no  'such  indulgence. 
The  asperity  of  Mr  Landen's  animadvernons  must 
not,  therefore,  pass  uncensured,  though  it  be  unit- 
ed with  sound  reasoning  and  accurate  discussion. 
The  error  into  which  Dr  Stewart  had  fallen,  though 
before  taken  notice  of  by  Mr  Dawson,  was  first  ex- 
actly determined  in  the  work  before  us.  *  But  Mr 
Landen,  in  the  zeal  of  correction,  brings  many 
other  charges  against  Dr  Stewart,  the  greater  part 
of  which  seem  to  have  no  good  foundation.  Such 
hre  his  objections  to  the  second  part  of  the  investi- 
gation, where  Dr  Stewart  finds  the  relation  between 
ihe  disturbing  force  of  the  sun,  and  the  motion  of 
the  apsides  of  the  lunar  orbit.  For  this  part,  in- 
Ortead  of  being  liable  to  objection,  is  deserving  of  the 


*  It  is  but  justice  to  remark^  that  Mr  Landen  had  proba- 
bly never  seen  Mr  Dawson's  Propositions  at  the  time  his  own 
were  published^  the  whole  impression  of  them^  ahnost^  hav- 
ing been  burnt  by  a  fire  which  consumed  the  warehouse 
where  they  were  lodged. 
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greatest  praise,  since  it  resolves,  by  gieoiuetry  alonet 
a  problem  which  had  eluded  the  e£Ports  of  some  of 
)the  ablest  mathematicians,  even  when  they  availed 
themselves  of  the  utimost  resources  of  the  integral 
calculus.  Sir  Isaap  Newton,  though  he  assumed 
the  disturbing  force  very  near  the  truth,  computed 
the  motion  of  the  apsides  from  thepce  only  at  one 
half  of  what  it  ainounts  to  in  reality }  and  so,  had 
he  been  required,  like  Dr  Stewart,  to  invert  the 
problem,  he  would  have  committed  an  error,  not 
merely  of  a  f^pw  thousandth  parts,  as  the  latter  is 
alleged  to  have  done,  but  would  have  brought  out 
a  result  double  of  the  truth.  *  Machin  and  Callen- 
drini,  when  commenting  on  this  part  of  the  Frin- 
cipia,  found  a  like  inconsistency  between  their  theor 
ly  and  observation.  Three  other  celebrated  ma- 
thematicians, Clairault,  D'Alembert,  and  Euler, 
separately  experienced  the  same  difficulties,  and 
were  led  into  an  error  of  the  same  magnitude.  It 
}B  true,  that,  on  resuming  their  computations,  they 
£>und,  that  they  had  not  carried  their  approxima- 
tions to  a  sufficient  length,  which,  when  they  had 
at  last  accomplished,  their  results  agreed  exactly 
with  observation.  Mr  Walmsley  and  Dr  Stewart 
were,  I  thiiil^  the  first  mathematicians  who,  em- 
ploying in  the  solution  of  this  difficult  problem,  the 
one  the  algebraic  calculus,  and  the  other  the  geo- 


•  Prin.  Math.  Lib.  3.  Prop.  3. 
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metrical  method,  were  led  immediately  to  the  truth  ^ 
a  circumstance  so  much  for  the  honour  of  both,  that 
it  ought,  by  no  means,  to  be  forgotten.  It  was 
the  business  of  an  impartial  critic,  while  he  examin* 
ed  our  author's  reasonings,  to  have  remarked*  and 
to  have  weighed  these  considerations. 

We  may  add,  that  the  accurate  measurement  of 
the  sun's  distance,  and  the  complete  theory  of  the 
moon's  motions,  with  which  science  has  been  en- 
riched,  since  the  time  to  which  we  now  refer,  suf- 
ficiently vindicate  the  principle  of  Dr  Stewart's  in- 
vestigation, and  show  how  much  reason  he  had  to 
expect,  that  the  former  might  be  inferred  from  the 
latter  with  considerable  exactness.  M.  Mayer, 
from  one  of  the  lunar  irregularities,  computes  the 
sun's  parallax  to  be  7'^*8,  nearly  a  mean  between 
the  parallax  already  mentioned,  and  that  which  has 
been  deduced  from  the  transit  of  Venus  in  I769.  * 

On  the  whole,  therefore,  while  it  must  be  ac- 
knowledged, that  Dr  Stewart's  determination  of 
the  sun's  distance  is,  by  no  means,  free  from  error, 
it  may  safely  be  asserted,  that  it  contains  a  great 
deal  which  will  always  interest  geometers,  and  al- 
ways be  admired  by  them.  Few  errors  in  science 
are  redeemed  by  the  display  of  so  much  ingenuity, 
and  what  is  more  singular,  of  so  much  sound  rea- 
soning.    The  investigation  is  every  where  elegant. 


*  Theoria  Liina?^  Sect.  51. 
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and  will|*probably,  be  long  regarded  as  a  specimen 
of  the  most  arduous  inquiry  which  has  been  at- 
tempted by  mere  geometry  ;  at  the  same  time,  the 
mistakie  into  which  the  geometrical  method  has  be- 
trayed this  great  mathematician,  will  serve  as  a 
proof  that  it  is  not  equal  to  such  difficult  researches; 
and  that  in  those  cases,  especially,  where  approxi- 
mation is  to  be  used,  it  is  necessary  to  sacrifice  the 
rigour  of  the  ancient  demonstration  for  the  ac- 
curacy of  the  modem  analysis. 

The  Sun's  Distance  was  the  last  work  which  Dr 
Stewart  published  ;  and  though  he  lived  to  see  the 
animadversions  made  on  it,  that  have  been  taken 
notice  of  above,  he  declined  entering  into  any  con- 
troversy. His  disposition  was  far  from  polemical ; 
and  he  knew  the  value  of  that  quiet,  which  a  liter- 
ary man  should  rarely  suffer  his  antagonists  to  in- 
terrupt. He  used  to  say,  that  the  decision  of  the 
point  in  question  was  now  before  the  public  ;  that, 
if  his  investigation  was  right,  it  would  never  be 
overturned,  and  that,  if  it  was  wrong,  it  ought  not 
to  be  defended. 

A  few  months  before  he  published  the  Essay  just 
mentioned,  he  gave  to  the  world  another  work,  en- 
titled, Propositiones  Geometricce  More  Veterum 
DemonstratcB.  This  title,  I  have  been  told,  was 
given  it  by  Dr  Simson,  who  rejoiced  in  the  publi- 
cation of  a  work  so  well  calculated  to  promote  the 
study  of  the  ancient  geometry.     It  consists  of  a  9^- 
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lies  of  geometrical  theorems,  for  the  most  part 
new ;  mvestigated,  first,  by  an  analysis,  and  after- 
wards synthetically  demonstrated  by  the  inversion 
of  the  same  analysis.  In  the  former,  the  proposi- 
tion to  be  investigated  is  supposed  true  ;  from 
thence  consequences  are  deduced,  and  the  reason^ 
ing  is  carried  on  till  some  consequence  is  drawn 
that  is  already  known  to  be  true.  A  necessary  con- 
nection is  thus  traced  between  the  proposition  that 
was  supposed  true,  and  another  that  is  certainly 
known  to  be  so ;  and,  thus,  an  ingenious  method 
is  laid  down  for  making  the  knowledge  of  any  truth 
subservient  to  the  discovery  of  its  demonstration. 
This  method  made  an  important  part  in  the  analysis 
of  the  ancient  Geometers ;  but  few  examples  of  it 
have  been  preserved  in  their  writings,  and  those  in 
the  Propositiones  Geometricce  are,  on  that  account, 
the  more  valuable. 

Dr  Stewart's  constant  use  of  the  geometrical 
analysis  had  put  him  in  possession  of  many  valua- 
ble propositions,  which  did  not  enter  into  the  plan 
of  any  of  the  works  that  have  been  enumerated. 
Of  these,  not  a  few  have  found  a  place  in  the  writ* 
mgs  of  Dr  Simson,  where  they  will  for  ever  remain, 
to  mark  the  friendship  of  these  two  Mathematicians, 
and  to  evince  the  esteem  which  Dr  Simson  enter- 
tained for  the  abilities  of  his  pupil.  In  the  preface 
to  his  Conic  Sections,  in  which  he  acknowledges, 
that  all  the  theorems,  distinguished  by  the  letter 
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«ri  were  commimicatioDs  from  Dr  Stewart,  he  caUt 
hinij  '*  egregias  indolis  et  peritias  virum ;"  and  in 
that  to  his  Porismsi  after  pointuig  out  many  propo* 
aitions  that  had  been  suggested  by  Pappus^  and  a 
few  that  had  been  adopted  from  Fermat,  he  adds^ 
'*  Alia  quaedam  adjecta  sunt  quorum  pr»cipua  miha 
j^posuit,  et  aliquorum  c<mstnictionem  dedit  exi- 
mius  Ge<»netra  Matthasus  Stewart,  a  quo  materia 
haec  jam  egregie  est  exculta,  po8tea»  ut  i^ero^  mul- 
tum  exc61enda." 

There  is  also  a  theorem  of  Dr  Stewart's  publish- 
ed in  Dr  Simson's  edition  of  Euclid's  DiUa^  which 
I  take  notice  ol^  chiefly  as  it  affi>rds  me  an  oppor- 
tunity of  paying  a  tribute  to  the  memory  of  a  man, 
whose  high  rank  did  not  prevent  him  from  cultivat- 
ing a  science,  which  it  enabled  him  to  patronize. 
In  the  note,  where  Dr  Simson  acknowledges  that 
communication,  he  mentions  another  theorem,  also 
published  among  the  Data ;  **  These  prc^positiona 
(says  he)  were  communicated  to  me  by  two  excd- 
lent  GecMneters,  the  first  by  the  Earl  Stanlu^e,  the 
second  by  Dr  Matthew  Stewart." 

To  this  Nobleman,  for  whose  abilities  and  worth 
Dr  Stewart  entertained  the  highest  rei^)ect,  he 
made  a  visit  in  the  course  of  a  tour  through  Eng- 
land^  soon  after  the  publication  of  the  Essay  on  the 
Sun's  Distance,  and  received  from  him  very  singu- 
lar marks  of  attention.  At  a  later  period,  when 
he  lamented  the  loss  of  Dr  Simson,  he  had  the  con- 
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solation  to  see  a  lasting  monument  raised  to  the 
fiune  of  his  friend,  by  the  munificence  of  Lord 
Stanhope,  who,  by  the  publication  of  Dr  Simson's 
posthumous  woii^Si  has  obliged  the  world  with  a 
restoration  of  the  most  curious  fragment  of  the 
Greek  geometry. 

Soon  after  the  publication  of  the  Sun's  Distance, 
Dr  Stewart's  health  began  to  decline,  and  the  du- 
ties of  his  office  became  burdensome  to  him.  In 
the  year  1772,  he  retired  to  the  coimtry,  where  he 
afterwards  spent  the  greater  part  of  his  life,  and 
never  resumed  his  labours  in  the  University.  He 
was,  however,  so  fortunate  as  to  have  a  son,  to 
whom,  though  very  young,  he  could  commit  the 
dire  of  them  with  the  greatest  confidence.  Mr 
Dugald  Stewart,  having  begun  to  give  lectures  for 
his  father  from  the  period  above  mentioned,  was 
elected  joint  Professor  with  hinuin  177^f  and  gave 
an  early  specimen  of  those  abilities,  which  have  not 
been  confined  to  a  single  science. 

Afi;er  mathematical  studies  (on  account  of  the 
bad  state  of  health  into  which  Dr  Stewart  was  now 
falling)  had  ceased  to  be  his  business,  they  con- 
tinued to  be  his  amusement.  The  analogy  between 
the  circle  and  hyperbola  had  been  an  early  object 
of  his  admiration.  The  extensive  views  which  that 
analogy  is  continually  opening  }  the  alternate  ap- 
pearance and  disappearance  of  resemblance  in  the 
midst  of  so  much  dissimilitude,  make  it  an  object 
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that  astonishes  the  experienced  as  well  as  the  young 
geometer.  To  the  consideration  of  this  analc^^ 
therefore,  the  mind  of  Dr  Stewart  very  naturally 
returned,  when  disengaged  from  other  speculations. 
His  usual  success  still  attended  his  investigations  ; 
and  he  has  left,  among  his  papers,  some  curious 
approximations  to  the  areas,  both  of  the  circle  and 
hyperbola.  For  some  years  toward  the  end  of  his 
life,  his  health  scarcely  allowed  him  to  prosecute 
study  even  as  an  amusement.  He  died  January 
^,  1785,  at  the  age  of  68. 

The  habits  of  study,  in  a  man  of  original  genius, 
are  objects  of  curiosity,  and  deserve  to  be  remem- 
bered. Concerning  those  of  Dr  Stewart,  his  writ- 
ings have  made  it  unnecessary  to  remark,  that,  from 
his  youth,  he  had  been  accustomed  to  the  most  in- 
tense and  continued  application.  In  consequence 
of  this  application,  added  to  the  natural  vigour  of 
his  mind,  he  retained  the  memory  of  his  discoveries 
in  a  manner  that  will  hardly  be  believed.  He  rare- 
ly wrote  down  any  of  his  investigations,  till  it  be* 
came  necessary  to  do  so  for  the  purpose  of  publica* 
tion.  When  he  discovered  any  proposition,  he 
would  put  down  the  enunciation  with  great  accu- 
racy, and,  on  the  same  piece  of  paper,  would  con- 
struct very  neatly  the  figiu^  to  which  it  referred. 
To  these  he  trusted  for  recalling  to  his  mind,  at 
any  future  period,  the  demonstration  or  the  analy. 
sis,  however  complicated  it  might  be.     Experience 
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had  taught  hun,  that  he  might  place  this  ccmfidence 
in  himself  without  any  danger  of  disi^pointmrat  ^ 
and  for  this  singular  power,  he  was  probably  more 
indebted  to  the  activity  of  his  invention,  than  the 
mere  tenaciousness  of  his  memory. 

Though  he  was  extremely  studious,  he  read  few 
books,  and  verified  the  observation  of  M.  D' Alem- 
bert,  that,  of  all  the  men  of  letters,  mathematicians 
read  least  of  the  writings  of  one  another.  His  own 
investigations  occupied  him  su£Biciently ;  and,  in- 
deed, the  world  would  have  had  reason  to  regret 
the  misapplication  of  his  talents,  had  he  employed, 
in  the  mere  acquisition  of  knowledge,  that  time 
which  he  could  dedicate  to  works  of  invention. 

It  was  his  custom  to  spend  the  summer  at  a  de« 
lightful  retreat  in  Ayrshire,  where,  after  the  aca- 
demical labours  of  the  winter  were  ended,  he  found 
the  leisure  necessary  for  the  prosecution  of  his  re*- 
searches.  In  his  way  thither,  he  frequently  made 
a  visit  to  Dr  Simson  at  Glasgow,  with  whom  he 
had  lived  from  his  youth  in  the  most  cordial  and 
uninterrupted  friendship.  It  was  pleasing  to  ob- 
serve, in  these  two  profound  mathematicians,  the 
most  perfect  esteem  and  affection  for  each  other, 
and  the  most  entire  absence  of  jealousy,  though  n^ 
two  men  ever  trode  more  nearly  in  the  same  path. 
The  similitude  of  their  pursuits,  as  it  will  ever  do 
with  men  superior  to  envy,  served  only  to  endear 
them  to  one  another.    Their  sentiments  and  views 
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of  the  science  they  cultivated  were  nearly  the  same  ; 
they  were  both  profound  geometers ;  they  equally 
admired  the  ancient  mathematicians,  and  were 
equally  versed  in  their  methods  of  investigation ; 
and  they  were  both  iq>prehensive  that  the  beauty 
of  their  ^vourite  science  would  be  forgotten  fw 
the  less  elegant  methods  of  algebraic  computation*  * 
Tlus  innovation  they  endeavoured  to  oppose ;  the 
onci  by  reviving  those  books  of  the  ancient  geome- 
try which  were  lost ;  the  other,  by  extending  that 
geometry  to  the  most  difficult  inquiries  of  the  mo- 
dems. Dr  Stewart,  in  particular,  had  remarked 
the  intricacies  in  which  many  of  the  greatest  of  the 
modem  mathematicians  had  involved  themselves  in 
the  application  of  the  calculus,  which  a  little  atten- 
tion to  the  ancient  geometry  would  certainly  have 
enabled  them  to  avoid.  He  had  observed,  too,  the 
elegant  synthetical  demonstrations  that,  on  many 
occasions,  may  be  given  of  the  most  difficult  pro- 
positions, investigated  by  the  inverse  method  of 

*  On  the  reverse  of  a  miniature  picture  of  Dr  Simson^  now 
in  the  possession  of  Mr  Professor  Stewart^  is  an  inscription 
written  by  Or  Moore^  late  Professor  of  Greek  at  Glasgow, 
an  intimate  friend  of  Dr  Simson^  and  a  great  admirer  of  the 
ancient  geometry : 

GeOMETRIAM^  sub  TYRANNO  BARBARO  SAEVA  SERVITUTK 
DIU  SQUALENTEM^  IN  LIBERTATEM  ET  DECUS  ANTIQUUM 
VINDICAVIT  UNUS. 
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fluxions.  These  circumstances  had,  perhaps,  made 
a  stronger  impression  than  they  ought,  on  a  mind 
already  filled  with  admiration  of  the  ancient  geo« 
metry,  and  produced  too  unfavourable  an  opinion 
of  the  modem  analysis.  But,  if  it  be  confessed 
th<tt  Dr  Stewart  rated,  in  any  respect  too  high,  the 
merit  of  the  former  of  these  sciences,  this  may  well 
be  excused  in  the  man  whom  it  had  conducted  to 
the  discovery  of  the  General  Theorems^  to  the  ^o- 
bUion  o/*  Kepler's  Problem,  and  to  an  accurate  de- 
termination of  the  sun*s  disturbing  force.  His 
great  modesty  made  him  ascribe  to  the  method  he 
used  that  success  which  he  owed  to  his  own  abi- 
lities. 
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Da  James  Hutton  was  the  son  of  Mr  William 
Hutton,  merchant  in  Edinburgh,  and  was  bom  in 
that  city  on  the  3d  of  June  I726.  His  father,  a 
man  highly  respected  for  his  good  sense  and  Int^ri* 
ty,  and  who  for  some  years  held  the  office  of  City 
Treasurer,  died  while  James  was  very  young.  The 
care  of  her  son's  education  devolved,  of  course,  on 
Mrs  Hutton,  who  appears  to  have  been  well  quali* 
fied  for  discharging  this  double  portion  of  parental 
duty.  She  resolved  to  bestow  on  him  a  liberal 
education,  and  sent  him  first  to  the  High  School  of 
Edinburgh,  and  afterwards  to  the  University,  where 
he  entered  as  a  student  of  humanity  in  November 
1740. 

Of  the  masters  under  whom  he  studied  there, 
Maclaurin  was  by  far  the  most  eminent ;  and  Dr 
Hutton,  though  he  had  cultivated  the  mathemati- 
cal sciences  less  than  any  other,  never  mentioned 

•  From  the  TranBactions  of  the  Royal  Society  of  Edin-. . 
burgh.  Vol.  V.  (1805.)— Ed. 
VOL.  IV.  C 
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the  lectures  of  that  celebrated  professor  but  in 
terms  of  high  admiration. 

He  used  also  to  acknowlodge  his  obUgations  to 
Professor  Stevenson's  Prelections  on  Logic ;  not  so 
much,  however,  for  having  made  him  a  logician  as 
a  chemist/  The  fact  that  gold  is  dissolved  in  aqua 
regia,  and  that  two  acids  which  can  each  of  them 
singly  dissolve  any  of  the  baser  metals,  must  unite 
their  strength  before  they  can  attack  the  most  pre- 
oious,  was  mentioned  by  the  professor  as  an  illustra- 
tion of  some  general  doctrine.  The  instinct  of  ge* 
nius,  if  I  may  call  it  so,  enabled  Mr  Hutton,  young 
as  be  then  was,  to  feel,  probably,  rather  than  to  un* 
derstand,  the  importance  of  this  phenomenon; 
and  as  if^  by  the  original  constitution  of  his  mind, 
a  kind  of  elective  attraction  had  drawn  him  to* 
wards  chemistry,  he  became  from  that  moment  at- 
tached to  it  by  a  force  that  could  never  afterwards 
be  overcome.  He  made  an  immediate  search  for 
books  that  might  give  him  some  farther  instruction 
concerning  the  fact  which  he  had  just  heard  of  $  but 
the  only  one  he  could  procure,  for  a  long  time,  was 
Harris's  Lexicon  Technicum,  the  predecessor  of 
those  voluminous  compilations  which  have  since 
contributed  so  much  more  to  extend  the  surface, 
than  to  increase  the  solidity  of  science.  It  was 
from  the  imperfect  sketch  contained  in  that  dic- 
tionary, that  he  derived  his  first  knowledge  of  che- 
mistry, his  love  for  which  never  forsook  him  afler- 
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wards,  and  was  in  truth  the  propensity  which  de- 
cided the  whole  course  and  complexion  of  his  fii* 
ture  life. 

Though  his  taste  and  capacity  for  instruction 
were  sufficiently  conspicuous  during  his  course 
of  academical  study,  his  friends  wished  him  rather 
to  pursue  business  than  science.  This  was  a  mea» 
sure  by  no  means  congenial  to  his  mind,  yet  be  ac^ 
quiesced  in  it  without  difficulty. 

Accordingly,  in  17^8  he  was  placed  as  an  ap* 
prentice  with  Mr  Geoi^e  Chalmers,  writer  to  the 
signet }  and  subjection  to  the  routine  of  a  laborious 
employment,  was  now  about  to  check  the  ardour 
and  repress  the  ori^'nality  of  a  mind  formed  for 
different  pursuits.  But  happily  the  force  of  ge» 
nius  cannot  always  be  controlled  by  the  plans  of  a 
narrow  and  short-sighted  prudence.  The  young 
man's  propensity  to  study  continued,  and  he  was 
often  found  amusing  himself  and  his  fellow  appren* 
tices  with  chemical  experiments,  when  he  should 
have  been  copying  papers,  or  studying  the  forms 
of  legal  proceedings ;  so  that  Mr  Chalmers  soon 
perceived  that  the  business  of  a  writer  was  not  that 
in  which  he  was  destined  to  succeed.  With  much 
good  sense  and  kindness,  therefore,  he  advised  him 
to  think  of  some  employment  better  suited  to  hia 
turn  of  mind,  and  released  him  from  the  obligations 
which  he  had  come  under  as  his  apprentice.  In 
this  he  did  an  essential  service  to  science,  and  to 
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the  young  man  himself.  A  man  of  talents  may 
follow  any  profession  with  advantage ;  a  man  of 
genius  will  hardly  succeed  but  in  that  which  nature 
has  pointed  out. 

The  study  of  medicine,  as  being  the  most  nearly 
allied  to  chemistry,  was  that  to  which  young  Hut- 
ton  now  resolved  to  dedicate  his  time.  He  began 
that  study  under  Dr  George  Young,  the  father  of 
the  late  Dr  Thomas  Young,  and  at  the  same  time 
attended  the  lectures  in  the  university.  This 
course  of  medical  instruction  he  followed  from 
1744  to  1747. 

Though  a  regular  school  of  medicine  had  now 
been  established  in  the  University  of  Edinbui^h  for 
several  years,  the  system  of  medical  education  was 
neither  in  reality,  nor  in  the  opinion  of  the  world, 
80  complete  as  it  has  since  become.  Some  part  of 
a  physician's  studies  was  still  to  be  prosecuted  on 
the  Continent;  and,  accordingly,  in  the  end  of 
1747*  Mr  Hutton  repaired  to  Paris,  where  he  piu*- 
sued  with  great  ardour  the  studies  of  chemistry  and 
anatomy.  After  remaining  in  that  metropolis  near- 
ly two  years,  he  returned  by  the  way  of  the  Low 
Countries,  and  took  the  degree  of  Doctor  of  Me- 
dicine at  Leyden  in  September  17^9*  His  thesis 
IB  entitled,  De  Sanguine  et  Circulatione  in  Mi- 
crocosmo. 

On  his  return  to  London  about  the  end  of  that 
year,  he  began  to  think  seriously  of  settling  in  the 
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world.  His  native  city,  to  which  his  views  of 
course  were  first  turned,  a£Porded  no  very  flattering 
prospect  for  his  establishment  as  a  physician.  The 
business  there  was  in  the  hands  of  a  few  eminent 
practitioners  who  had  been  long  established ;  so 
that  no  opening  was  left  for  a  young  man  whose 
merit  was  yet  unknown,  who  had  no  powerful  con- 
nections to  assist  him  on  his  first  outset,  and  very 
little  of  that  patient  and  circumspect  activity  by 
which  a  man  pushes  himself  forward  in  the  Worid. 

These  considerations  seem  to  hiEve  made  a  very 
deep  impression  on  his  miud,  and  he  wrote  on  the 
subject  of  his  future  prospects  with  considerable 
anxiety  to  his  friends  in  Edinburgh. 

One  of  these  friends  was  Mr  James  Davie,  a 
young  man  nearly  of  his  own  age,  with  whom  he 
had  early  contracted  a  very  intimate  friendship, 
that  endured  through  the  whole  of  his  life,  without 
interruption,  to  the  mutual  benefit  of  both.  The 
turn  which  both  of  them  had  for  chemical  experi- 
ments formed  their  first  connection,  and  cemented 
it  afterwards.  They  had  begun  together  to  make 
experiments  on  the  nature  and  production  of  sal 
ammoniac*  These  experiments  had  led  to  some 
valuable  discoveries,  and  had  been  farther  pursued 
by  Mr  Davie  during  Dr  Hutton's  absence.  The 
result  afforded  a  reasonable  expectation  of  establish- 
ing  a  profitable  manufacture  of  the  salt  just  named 
from  coal-soot. 
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The  project  of  this  establishment  was  communi- 
cated by  Mr  Davie  to  his  friend,  who  was  still  in 
London,  and  it  appears  to  have  lessened  his  anxiety 
•bout  settling  as  a  physician,  and  probably  was  one 
of  the  main  causes  of  his  layii^  aside  all  thoughts 
of  that  profession.  Perhaps,  too,  on  a  nearer  view, 
lie  did  not  find  that  the  practice  of  medicine  would 
afford  him  that  leisure  for  pursuing  chemical  and 
other  scientific  objects,  which  he  fancied  it  would 
do  when  he  saw  things  at  a  greater  distance.  What- 
ever was  the  cause,  it  is  certain  that  soon  afier  his 
return  to  Edinbui^h  in  summer  17^0,  he  abandon- 
ed entirely  his  views  of  the  practice  of  medicine, 
and  resolved  to  apply  himself  to  agriculturew 

The  motives  which  determined  him  in  the  choice 
of  the  latter  cannot  now  be  traced  with  certainty. 
He  inherited  from  his  father  a  small  property  in 
Berwickshire,  and  this  might  suggest  to  him  the 
business  of  husbandry.  But  we  ought  rather,  I 
think,  to  look  for  the  motives  that  influenced  him, 
in  the  simplicity  of  his  character,  and  the  modera- 
tion of  his  views,  than  in  external  circumstances. 
To  one  who,  in  the  maturity  of  understanding,  has 
leisure  to  look  round  on  the  various  employments 
which  exercise  the  skill  and  industry  of  man,  if  his 
mind  is  independent  and  unambitious,  and  if  he 
has  no  sacrifice  to  make  to  vanity  or  avarice,  the 
profession  of  a  fanner  may  seem  fairiy  entitled  to  a 
preference  above  all  others.     This  was  exactly  tlie 
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cue  of  Dr  Hutton,  and  he  appears  to  hate  been 
confirmed  in  his  choice  by  the  acquaintance  which 
he  made  about  that  time  with  Sir  John  Hall  of 
Dunglass,  a  gentleman  of  the  same  county^  a  man 
of  ingenuity  and  taste  for  science^  and  also  much 
conversant  with  the  management  of  country  affiurs. 
As  he  was  never  disposed  to  do  any  thing  by 
halves,  he  determined  to  study  rural  economy  in 
the  school  which  was  then  reckoned  the  besti  and 
in  the  manner  which  is  undoubtedly  the  most  e& 
fectual.  He  went  into  Norfolk,  and  fixed  his  re- 
sidence for  some  time  in  that  country,  living  in  the 
house  of  a  farmer,  who  served  both  for  his  landlord 
and  his  instructor.  This  he  did  in  1752 ;  and 
many  years  afterwards  I  have  often  heard  him 
mention,  with  great  respect,  the  name  of  John 
Dybold,  at  whose  house  he  had  lived  with  much 
comfort,  and  whose  practical  lessons  in  husbandry 
he  highly  valued^  He  appears,  indeed,  to  have 
enjoyed  this  situation  very  much  :  the  simple  and 
plain  character  of  the  society  with  which  he  mingled 
suited  well  with  his  own,  and  the  peasants  of  Nor- 
folk would  find  nothing  in  the  stranger  to  set  them 
at  a  distance  from  him,  or  to  make  them  treat  him 
with  reserve.  It  was  always  true  of  Dr  Hutton, 
that  to  an  ordinary  man  he  appeared  to  be  an  ordi- 
nary man,  possessing  a  little  more  spirit  and  liveli- 
ness, perhaps,  than  it  is  usual  to  meet  with«  These 
circumstances  made  his  readence  In  Norfolk  great- 
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\j  to  his  mind,  and  there  was  accordingly  no  period 
uf  his  life  to  which  he  more  frequently  alluded,  in 
conversation  with  his  friends;  often  describing, 
with  singular  vivacity,  the  rural  sports  and  little 
adventures,  which,  in  the  intervals  of  labour,  form- 
ed the  amusement  of  their  society. 
*    While  his  head-quarters  were  thus  established  in 
Norfolk,  he  made  many  journeys  on  foot  into  dif- 
ferent parts  of  England  ;  and  though  the  main  ob- 
ject of  these  was  to  obtain  information  in  agricul- 
ture, yet  it  was  in  the  course  of  them  that,  to  amuse 
himself  on  the  road,  he  first  began  to  study  mine- 
ralogy or  geology.     In  a  letter  to  Sir  John  Hall, 
he  says,  that  he  was  become  very  fond  of  studying 
the  surface  of  the  earth,  and  was  looking  with  an- 
xious curiosity  into  every  pit,  or  ditch,  or  bed  of  a 
river  that  fell  in  his  way ;  **  and  that,  if  he  did  not 
always  avoid  the  fate  of  Tholes,  his  misfortune  was 
certainly  not  owing  to  the  same  cause."    This  let- 
ter is  from  Yarmouth  ;  it  has  no  date,  but  it  is  plain 
from  circumstances,  that  it  must  have  been  written 
in  1753. 

What  he  learned  in  Norfolk  made  him  desirous 
of  visiting  Flanders,  the  country  in  Europe  where 
good  husbandry  is  of  the  oldest  date.  He  accord- 
ingly set  out  on  a  tour  in  that  country,  early  in 
apring  l^Sifp  and,  travelling  from  Rotterdam 
through  Holland,  Brabant,  Flanders,  and  Picardy, 
he  returned  to  England  about  the  middle  of  sum- 
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mer.  He  appears  to  have  been  highly  delighted 
with  the  garden  culture  which  he  found  to  prevail 
in  Holland  and  Flanders,  but  not  so  as  to  under- 
value what  he  had  learnt  in  England.  He  says,  in 
a  letter  to  Sir  John  Hall,  written  soon  after  his  ar- 
rival in  London,  ^*  Had  I  doubted  of  it  before  I 
set  out,  I  should  have  returned  fully  convinced  that 
they  are  good  husbandmen  in  Norfolk/' 

Though  his  principal  object  in  this  excursion  was 
to  acquire  information  in  the  practice  of  husbandry, 
he  appears  to  have  bestowed  a  good  deal  of  atten- 
tion on  the  mineralogy  of  the  countries  through 
which  he  passed,  and  has  taken  notice  in  his  Theory 
of  the  Earth  of  several  of  the  obsei*vations  which  he 
made  at  that  time. 

About  the  end  of  the  summer  he  returned  to 
Scotland,  and  hesitated  awhile  in  the  choice  of  a  si- 
tuation where  he  might  best  carry  into  effect  his 
plans  of  agricultural  improvement.  At  last  he 
fixed  on  his  own  farm  in  Berwickshire,  and  accord- 
ingly set  about  bringing  it  into  order  with  great  vi- 
gour and  effect.  A  ploughman  whom  he  brought 
from  Norfolk  set  the  first  example  of  good  tillage 
which  had  been  seen  in  that  district ;  and  Dr  Hut- 
ton  has  the  credit  of  being  one  of  those  who  intro^ 
duced  the  new  husbandry  into  a  country  where  it 
has  since  made  more  rapid  advances  than  in  any 
other  part  of  Great  Britain. 

From  this  timci  till  about  the  year  1768,  he  re- 


43  BIOOUAPBICAL  ACCOimT 

ridedf  for  the  most  part^  on  his  famif  visiting  £din<» 
burgh,  however,  occasionaUy.  The  tranquillity  of 
rural  life  affords  few  materialt  for  biographical  de« 
Bcription ;  and  an  excursion  to  the  north  of  Scot* 
land,  which  he  made  in  IT^if  is  one  of  the  few  in* 
ddents  which  mark  an  interval  of  fourteen  years, 
passed  mostly  in  the  retirement  of  the  country.  He 
made  this  tour  in  company  with  Commissioner,  af- 
terwards Sir  George  Clerk,  a  gentleman  distinguish- 
ed for  his  abilities  and  worth,  with  whom  Dr  Hut- 
ton  had  the  happiness  to  live  in  habits  of  the  most 
intimate  friendship.  They  set  out  by  the  way  of 
Crieff,  Dalwhinnie,  Fort- Augustus,  and  Inverness ; 
from  thence  they  proceeded  through  East- Ross  in- 
to Caithness,  and  returned  along  the  cdast  by  Aber«- 
deen  to  Edinburgh.  In  this  journey  Dr  Hutton's 
chief  object  was  mineralogy,  or  rather  geology, 
which  he  was  now  studying  with  great  attention. 

For  several  years  before  this  period,  Dr  Hutton 
was  concerned  in  the  sal-ammoniac  work,  which  had 
been  actually  established  on  the  foundation  of  the 
experiments  already  mentioned,  but  remained  in  Mr 
Davie's  name,  only,  till  IjGS ;  at  that  time  a  co- 
partnership was  regularly  entered  into,  and  the 
work  carried  on  afterwards  in  the  name  of  both. 

He  now  found. that  his  farm  was  brought  into 
the  regular  order  which  good  husbandry  requires, 
and  that,  as  the  management  of  it  became  more  easy, 
it  grew  less  interesting.     An  occasion,  oflfering  of 
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letting  it  to  advantage,  he  availed  himself  of  it. 
About  the  year  1768  he  left  Berwickshire  entirely, 
and  became  resident  in  Edinburgh,  giving  his  un- 
divided attention,  from  that  time,  to  scientific  pur- 
suits. 

Among  other  advantages  which  resulted  to  him 
from  this  change  of  residence,  we  must  reckon  that 
of  being  able  to  enjoy,  with  less  interruption,  the 
society  of  his  literary  friends,  among  whom  were 
Dr  Black,  Mr  Russell  Professor  of  Natural  Phi- 
losophy, Professor  Adam  Fergusson,  Sir  George 
Clerk,  already  mentioned,  his  brother  Mr  Clerk  of 
Elden,  Dr  James  Lind,  now  of  Windsor,  and  se- 
veral others.     Employed  in  maturing  his  views, 
and  studying  nature  with  unwearied  application,  he 
now  passed  his  time  most  usefully  and  agreeably  to 
himself,  but  in  silence  and  obscurity  with  respect 
to  the  world.     He  was,  perhaps,  in  the  most  en- 
viable situation  in  which  a  man  of  science  can  be 
placed.     He  was  in  the  midst  of  a  literary  society 
of  men  of  the  first  abilities,  to  all  of  whom  he  was 
peculiarly  acceptable,  as  bringing  along  with  him  a 
vast  fund  of  information  and  originality,  combined 
with  that  gaiety  and  animation  which  so  rarely  ac« 
company  the  profounder  attainments  of  science. 
Free  from  the  interruption  of  professional  avoca- 
tions, he  enjoyed  the  entire  command  of  his  own 
time,  and  had  sufficient  energy  of  mind  to  afford 
himself  continual  occupation. 
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A  good  deal  of  his  leisure  was  now  employed  in 
the  prosecution  of  chemical  experiments.  In  one 
of  these  experiments,  which  he  has  no  where  men- 
tioned himself,  but  which  I  have  heard  of  from  Dr 
Black,  he  discovered  that  mineral  alkali  is  contain- 
ed in  zeolite.  On  boiling  the  gelatinous  subst^ce 
obtained  from  combining  that  fossil  with  muriatic 
acid,  he  found  that,  after  evaporation,  sea  salt  was 
formed.  Dr  Black  did  not  recollect  exactly  the 
date  of  this  experiment,  but  from  circumstances 
judged  that  it  was  earlier  than  1772*  It  is,  if  I 
mistake  not,  the  first  instance  of  an  alkali  being 
discovered  in  a  stony  body.  The  experiments  of 
M.  Klaproth  and  Dr  Kennedy  have  confirmed  this 
conclusion,  and  led  to  others  of  the  same  kind. 

In  1774  he  made  a  tour  through  part  of  Eng- 
land and  Wales,  of  which  I  find  no  memorandum 
whatever  among  his  papers.  I  know,  however, 
that  at  this  time  he  visited  the  salt-mines  in  Che- 
shire, and  made  the  curious  observation  of  the  con- 
centric circles  marked  on  the  roof  of  these  mines, 
to  which  he  has  referred  in  his  Theory  of  the  Earth, 
as  a£Fording  a  proof  that  the  salt  rock  was  not  form- 
ed from  mere  aqueous  deposition.  His  friend  Mr 
Watt  of  Birmingham  accompanied  him  in  his  visit 
to  the  mines. 

It  was  after  returning  to  Birmingham  from  Che- 
shire, that  he  set  out  on  the  tour  into  Wales.  One 
of  the  objects  of  this  tour,  as  I  learnt  from  himself^ 
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was  to  discover  the  origin  of  the  hard  gravel  of 
granulated  quartz,  which  is  found  in  such  vast 
abundance  in  the  soil  about  Birmingham,  and  in* 
deed  over  a  great  tract  of  the  central  part  of  Eng- 
land. This  gravel  is  so  unlike  that  which  belongs 
to  a  country  of  secondary  formation,  that  it  very 
much  excited  his  curiosity ;  and  his  present  jour- 
ney was  undertaken  with  a  view  to  find  out  whether^ 
among  the  primitive  mountains  of  Wales,  there 
were  any  that  might  be  supposed  to  have  furnished 
the  materials  of  it.  In  Wales,  however,  he  saw 
none  that  could,  with  any  probability,  be  supposed 
to  have  done  so  ;  and  he  was  equally  unsuccessful 
in  all  the  other  parts  he  visited,  till  returning,  at  a 
small  distance  from  Birmingham,  the  place  from 
whence  he  had  set  out,  he  found  a  rock  of  the  very 
kind  which  he  had  been  in  search  of.  It  belongs 
to  a  body  of  strata  apparently  primary,  which  break 
out  between  Broomsgrove  and  Birmingham,  and 
have  all  the  characters  of  the  indurated  gravel  in 
question.  If,  however,  they  have  furnished  the 
materials  of  that  gravel,  it  seems  probable  that  it 
has  been  through  the  medium  of  the  red  sand- 
stone, which  abounds  in  those  countries.  * 

In  1777  Di^  Hutton's  first  publication  was  given 
to  the  world,  viz.  a  small  pamphlet,  entitled,  Coju 


*  Illustrations  of  the  Huttonian  Theory^  p.  375. 
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iideratians  on  the  Nature^  Quality^  and  Distinct' 
turns  of  Coal  and  Cuhn.  This  little  work,  an  oo 
tsvo  pamphlet  of  thirty-seven  pages^  was  occasion* 
ed  by  a  question  that  had  arisen.  Whether  the 
small  coal  of  Scotland  is  the  same  with  the  culm  of 
England  ?  and.  Whether,  of  course,  like  the  latter, 
it  is  entitled,  when  carried  coastwise,  to  an  exemp* 
tion  from  the  duty  on  coal  ?  Some  of  the  small 
coal  from  the  Frith  of  Forth,  which  had  been  car* 
ried  to  the  northern  counties  for  the  purpose  of 
burning  lime,  had  been  considered  by  the  revenue 
officers  as  liable  to  the  same  duty  with  other  coal, 
while  the  proprietors  contended  that  it  ought  only 
to  pay  the  lighter  duty  levied  on  culm.  This  was 
warmly  disputed ;  and,  after  occupying  for  some 
time  the  attention  of  the  Board  of  Customs  in 
Scotland,  was  at  last  brought  before  the  Privy 
Council. 

Dr  Hutton^s  pamphlet  was  intended  to  supply 
the  information  necessary  for  forming  a  judgment 
on  this  question.  It  is  very  ingenious  and  satis* 
factory,  though  perhaps,  considering  the  purpose 
for  which  it  was  written,  it  is  on  too  scientific  a  plan, 
and  conducted  too  strictly  according  to  the  rules  of 
philosophical  analysis*  It  proves  that  culm  is  the 
small,  or  refuse,  of  the  infusible,  or  stone  coal,  such 
as  that  of  Scotland  for  the  most  part  is ;  that  the 
small  of  the  fusible  coal,  by  caking  or  uniting  toge- 
ther, becomes  equally  serviceable  with  the  large 
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coal  s  whereas  the  small  of  the  infusible,  l>y  run- 
ning down  like  loose  sand,  cannot  be  made  to  bum 
in  the  ordinary  way,  and  is  useful  but  for  few  pur- 
poses, so  that  it  has  heen  properly  exempted  from 
the  usual  duty  on  coal-  A  criterion  is  also  pointed 
out  for  determining  when  small  coal  is  to  be  r^ard* 
ed  as  culm,  and  when  it  may  be  considered  as 
coal  }*— *if,  when  a  handful  of  it  is  thrown  into  a 
red*hot  shovel,  the  pieces  bum  without  meltii^ 
down  or  running  tc^ther,  it  decidedly  belongs  to 
the  former. 

In  the  conclusion,  an  exemption  from  duty  was 
obtained  for  the  small  coal  of  Scotland,  when  car- 
ried  CQa9twise,  and  this  regulation  was  owing  in  a 
great  degree  to  the  satisfactory  information  contain- 
ed in  Dr  Hutton's  pamphlet.  It  was  a  step,  also, 
toward  the  entire  abolition  of  those  injudicious  do- 
ties  which  had  been  so  long  levied  on  coal,  when 
carried  by  sea  beyond  a  certain  distance  from  its 
native  place.  This  abolition  happened  several  years 
after  the  period  we  are  speaking  of,  much  to  the 
benefit  of  the  country,  and  to  the  credit  of  the  ad- 
ministration under  which  it  took  place. 

As  Dr  Hutton  always  took  a  warm  interest  in 
whatever  concerned  the  advancement  of  the  arts, 
particularly  in  his  native  country,  he  entered  with 
great  zeal  into  the  project  of  an  internal  navigation 
between  the  Friths  of  Forth  and  Clyde.  The  com- 
parative merit  of  the  different  plans,  according  to 
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which  that  work  was  to  be  executed,  gave  rise  to  a 
good  deal  of  discussion,  and  eren  of  controversy. 
In  these  debates  Dr  Hntton  took  a  share,  and 
wrote  several  pieces,  in  which  the  grave  and  the  lu« 
dicrous  were  both  occasionally  employed.  None  of 
these  pieces  have  been  published ;  but  the  plan  that 
was  in  the  end  adopted  was  that  in  favour  of  which 
they  were  written.  It  is  unnecessary,  however,  to 
enter  into  the  merits  of  a  question  which  has  long 
ceased  to  interest  the  public. 

From  the  time  of  fixing  his  residence  in  Edin- 
burgh, Dr  Hutton  had  been  a  member  of  the  Phi- 
losophical Society  known  to  the  world  by  the  three 
volumes  of  physical  and  literary  essays  so  much  and 
so  justly  esteemed.  *  In  that  society  he  read  seve- 
ral papers  ;  but  it  was  during  the  time  that  elapsed 
between  the  publication  of  the  last  of  the  volumes 
just  mentioned,  and  the  incorporation  of  the  Philo- 
sophical into  the  Royal  Society  of  Edinburgh ;  which 
last  was  established  by  a  royal  charter  in  1783. 
None  of  these  papers  have  been  published,  except 
one  in  the  second  volume  of  the  Transactions  of 
the  Royal  Society,  "  On  certain  Natural  Appear- 

•  The  Philosophical  Society  was  instituted  about  the  year 
1789'  The  first  volume  of  Essays  was  published  in  1754 ; 
the  second  in  1756;  the  third  in  1771.  From  the  year 
1777  to  1782,  the  meetings  of  the  Society  were  pretty  regu- 
lar, much  owing  to  the  zeal  of  Lord  Kames.  Mr  Maclaurin 
may  be  regarded  as  the  founder  of  this  Society. 
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aaees  of  the  Ground  on  the  Hitt  of  Artbur's 

5e8t/' 

The  iBStituttoii  of  the  Royal  Society  of 'Ediii- 
bUrgh  had  the  good  efiect  of  calling  forth  from  Dr 
Hutton  the  first  sketch  of  a  theory  of  the  eartb» 
the  formation  of  which  had  been  the  great  objectrof 
fais  life.  Fnun  thfb  date  formerly  mentioned,  when 
he  was  yet  a  very  ^oung  man,  and  making  excnr- 
sions  On  foot  through  the  di&rent  oountiies  of  Eiig- 
land»  till  that  which  we  are  now  arrived  at,  k  pe^ 
lied  of  about  thirty  years,  he  had  never  ceased  to 
study  the  natural  history  (^  the  globe,  with  a 
of  ascertaining  the  changes  that  have  taken  plaee 
its  surface,  and  of  discovering  the  causes  by  which 
tbey  have  been  produced. 

He  had  become  a  skilful  mineralogist,  and  had 
examined  the  great  facts  of  geology  vnth  hia  own 
eyes,  and  with  the  most  careful  and  scrupulous  ob^- 
servation.  In  the  course  of  these  studies  he  had 
brought  together  a  considerable  collection  of  nrine^ 
rals  peculiarly  calculated  to  illustrate  the  changes 
which  fossil  bodies  have  undergone.  He  had  also 
carefully  perused  ahnost  every  book  of  tcavqis  from 
which  any  thing  was  to  be  learned  concerning  thfc 
natural  history  of  the  earth ;  and,  in  conseqnenee 
both  of  reading  and  observation,  was  eminently 
tkiUed  in  physical  geogR^hy.  .  i    .) 

If  to  all  this  it  be  added,  that  Dr  Huttoii  was  a 
good  diemist,  and  possessed  abilities  excellently 

VOL.  IV.  D 
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adapted  to  philosophical  research,  it  will  be  acknow- 
ledged,  that  few  men  have  entered  with  better  pre- 
paration on  the  arduous  task  of  inyeatigating  the 
'^e  theory  of  the  earth.  Several  years  before  the 
.time  I  am  now  speaking  of,  he  had  completed  the 
great  outline  of  his  syistem,  but  had  communicated 
it  to  very  few  ;  I  believe  to  none  but  his  friends 
Dr  Black  and  Mr  Clerk  of  Elden.  Though  for- 
tified in  his  opinion  by  their  agreement  with  him, 
(and  it  was  the  agreement  of  men  eminently  quali- 
fied to  judge,)  yet  he  was  in  no  haste  to  publish  his 
theory ;  for  he  was  one  of  those  who  are  much 
more  delighted  with  the  contemplation  of  truths 
than  with  the  praise  of  having  discovered  it.  It 
might,  therefore,  have  been  a  long  time  before  he 
had  given  any  thing  on  this  subject  to  the  public, 
had  not  his  zeal  for  supporting  a  recent  institution 
which  he  thought  of  importance  to  the  progress  of 
science  in  his  own  country  induced  him  to  come 
forward,  and  to  communicate  to  the  Royal  Society 
a  concise  account  of  his  theory  of  the  earth. 

As  I  have  treated  of  this  theory  in  a  separate 
essay,  particularly  destined  to  the  illustration  of  it, 
I  shall  here  content  myself  with  a  very  general 
outiine. 

I.  The  object  of  Di^  Hutton  was  not,  like  that 
of  most  other  theorists,  to  explain  the  first  origin 
of  things.     He  was  too  well  akilled  in  the  rules  of 
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sound  philosophy  for  such  an  attempt ;  and  he  ac* 
eordingly  confined  his  speculations  to  those  clian« 
ges  which  terrestrial  bodies  have  undergone  since 
the  establishment  of  the  present  order,  in  as  far  as 
distinct  marks  of  such  changes  are  now  to  be  dis* 
coyered. 

With  this  view/ the  first  general  fiict  whioh  he 
has  remarked  is,  that  by  far  the  greater  part  of  the 
bodies  which  compose  the  exterior  crust  of  our 
globe,  bear  the  marks  of.  being  formed  out  of  the 
materials  of  mineral  or  organized  bodies,  of  more 
ancient  date.  The  spoils  or  the  wreck  of  an  older 
world  are  every  where  visible  in  the  present,  and, 
though  not  found  in  every  piece  of  rock,  they  are 
difiused  so  generally  as  to  leave  no  doubt  that  the 
strata  which  now  compose  our  continents  are  all 
formed  out  of  strata  more  ancient  than  themselves. . 

IL  The  present  rocks,  with  the  exceptions  of 
such  as  are  not  stratified,  having  aU  existed  in  the 
form  of  loose  materials  collected  at  the  bottom  of 
the  sea,  must  have  been  consolid^ited  and  convert^ 
ed  into  stone  by  virtue  of  some  very  powerful  and 
general  agent.  The  consolidating  cause  which  he 
points  out  is  subterraneous  heat,  and  he  has  renov- 
ed  the  objections  to  this  hypothesis  by  the  intro- 
duction of  a  principle  new  and  peculiar  to  himself* 
This  principle  is  the  compression  which  mu§^  have 
prevailed  in  that  region  where  the  conso).i|dstion  of; 
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mineral  mibstances  was  accomplished*  Under  the 
weight  of  a  superincumbent  ocean,  heat,  however 
intensci  might  be  unable  to  volatilize  any  part  of 
those  substances  which,  at  the  surfieu^  and  under 
the  lighter  pressure  of  our  atmoq^here,  it  can  en« 
tirely  consume.  The  same  pressure,  by  forcing 
those  substances  to  remain  united,  which  at  the 
surface  are  easily  separated,  might  occasion  the 
fusion  of  some  bodies  which  in  our  fires  are  only 
calcined.  Hence  the  objections  that  are  so  strong 
and  unanswerable,  when  opposed  to  the  theory  of 
volcanic  fire,  as  usually  laid  down,  have  no  force 
at  all  against  Dr  Hutton's  theory ;  and  hence  we 
are  to  consider  this  theory  as  hardly  less  distin* 
guished  from  the  hypothesis  of  the  Vulcanists,  in 
the  usual  sense  of  that  appellation,  than  it  is  from 
that  of  the  Neptunists,  or  the  disciples  of  Wer- 
ner. 

HI.  Tlie  third  general  fact  on  which  this  theory 
is  founded,  is,  that  the  stratified  rocks,  instead 
of  being  either  horizontal,  or  nearly  so,  as  they  no 
doubt  were  originally,  are  now  found  possessing  all 
degrees  of  elevation,  and  some  of  them  even  per- 
pendicular to  the  horizon ;  to  which  we  must  add, 
that  those  strata  which  were  once  at  the  bottom  of 
the  sea  are  now  raised  up,  many  of  them,  several 
thousand  feet  above  its  surface.  From  this,  as  well 
as  from  the  inflexionSi  the  breaking  and  separation 
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of  the  strata,  it  is  inferred,  that  they  have  been  rais- 
ed up  by  the  action  of  some  expansive  force  placed 
under  them.  This  force,  which  has  burst  in  pieces 
the  solid  pavement  on  which  the  ocean  rests,  and 
has  raised  up  rocks  from  the  bottom  of  the  sea,  in- 
to mountains  15,000  feet  above  its  surface,  exceeds 
any  which  we  see  actually  exerted,  but  seems  to 
come  nearer  to  the  cause  of  the  volcano  or  the 
earthquake  than  to  any  other,  of  which  the  effects 
are  directly  observed.  The  immense  disturbance, 
therefore,  of  the  strata,  is  in  this  theory  ascribed  to 
beat  acting  with  an  expansive  power,  and  elevating 
those  rocks  which  it  had  before  consolidated. 

IV.  Among  the  marks  of  disturbance  in  which 
the  mineral  kingdom  abounds,  those  great  breaches 
among  rocks,  which  are  filled  with  materials  differ- 
ent from  the  rock  on  either  side,  are  among  the 
most  conspicuous.  These  are  the  veins,  and  com- 
prehend, not  only  the  metallic  veins,  but  also  th(ise 
of  whinstone,  of  porphyry,  and  of  granite,  all  of 
them  substances  more  or  less  crystallized,  and  none 
of  them  containing  the  remains  of  organized  bodies. 
These  are  of  posterior  formation  to  the  strata 
which  they  intersect,  and  in  general  also  they  carry 
with  them  the  marks  of  the  violence  with  which 
they  have  come  into  their  place,  and  of  the  dis- 
turbance which  they  have  produced  on  the  rocks 
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already  formed.  The  materials  of  all  these  yeins 
Dr  Hutton  concludes  to  have  been  melted  by  sub- 
terraneous heat^  and,  while  in  fusion,  injected 
among  the  fissures  and  openings  of  rocks  already 
formed,  but  thus  disturbed^  and  moved  from  their; 
original  place. 

This  conclusion  he  extends  to  all  the  masses  of 
whinstone,  porphyry,  and  granite,  which  are  inter- 
posed among  strata,  or  raised  up  in  pyramids,  as 
^  they  oflen  appear  to  be,  through  the  midst  of  them. 
Thus,  in  the  fusion  and  injection  of  the  unstrati- 
fied  rocks,  we  have  the  third  and  last  of  the  great 
operations  which  subterraneous  heat  has  performed 
on  mineral  substances. 

V.  From  this  Dr  Hutton  proceeds  to  consider 
the  changes  to  .which  mineral  bodies .  are  subject 
when  raised  into  the  atmosphere.  Here  he  finds, 
without  any  exception,  that  they  are  all  going  to 
decay ;  that  from  the  shore  of  the  sea  to  the  top 
of  the  mountain,  from  the  soflest  clay  to  the 
hardest  quartz,  all  are  wasting  and  undergoing 
a  separation  of  their  parts.  The  bodies  thus  re- 
solved into  their  elements,  whether  chemical  or  me- 
chanical, are  carried  down  by  the  rivers  to  the  sea, 
and  are  there  deposited.  Nothing  is  exempted 
from  this  general  law :  among  the  highest  moun- 
tains and  the  hardest  rocks,  its  efiects  are  most 
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clearly  discerned ;  and  it  is  on  the  objects  which 
qypear  the  most  durable  and  fixed,  that  the  charac- 
ters of  revolution  are  most  deeply  imprinted. 

On  comparing  the  first  and  the  last  of  the  propq- 
sitions  just  enumerated,  it  is  impossible  not  to  per- 
ceive that  they  are  two  steps  of  the  same  progres- 
sion, and  that  mineral  substances  are  alternately 
dissolved  and  renewed.     These  vicissitudes  may 
have  been  often  repeated ;  and  there  are  not  want- 
ing remains  among  mineral  bodies,  that  lead  us 
back  to  continents  from  which  the  present  are  the 
third  in  succession.     Here,  then,  we  have  a  series 
of  great  natural  revolutions  in  the  condition  of  the 
earth's  surface,  of  which,  as  the  author  of  this  the- 
ory has  remarked,  we  neither  see  the  beginning  nor 
the  end  j  and  this  circumstance  accords  well  with 
what  is  known  concerning  other  parts  of  the  econo- 
my of  the  world.    In  the  continuation  of  the  dOkr^ 
ent  species  of  animals  and  vegetables  that  inhabit 
the  earth,  we  discern  neither  a  beginning  nor 
an  end ;  and  in  the  planetary  motions,  where  geo- 
metry has  carried  the  eye  so  far  both  into  the  future 
and  the  past,  we  discover  no  mark  either  of  the 
commencement  or  termination  of  the  present  orden 
It  is  unreasonable,  indeed,  to  suppose  that  such 
marks  should  any  where  exist.     The  Author  of 
nature  has  not  given  laws  to  the  universe,  whichf 
like  the  institutions  of  men,  carry  in  themselves  the 
elements  of  their  own  destruction ;  he  has  not  per* 
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mitted  in  his  works  any  symptom  of  infancy  or  of 
old  age,  or  any  sign  by  which  we  may  estimate 
either  their  future  or  their  post  duration.  He  may 
put  an  end,  as  he  no  doubt  gave  a  beginnings  to  the 
-present  system,  at  some  determinate  period  of  time; 
•but  we  may  rest  assured,  that  this  great  catastrophe 
will  not  be  brou^t  about  by  the  laws  now  existing, 
and  that  it  is  not  indicated  by  any  thing  which  we 
perceive. 

It  would  be  desirable  to  trace  the  prepress  of  an 
author's  mind  in  the  formation  of  a  system  where  so 
many  new  and  enlarged  views  of  nature  occur,  and 
where  so  much  originality  is  displayed.  On  this 
subject,  however,  Dr  Hutton's  papers  do  not  afford 
80  much  information  as  might  be  wished  for,  though 
something  may  be  learnt  from  a  few  sketches  of  an 
Essay  on  the  Natural  History  of  the  Earth,  evi- 
dently written  at  a  very  early  period,  and  intended, 
it  would  seem,  for  parts  of  an  extensive  work,  of 
which,  as  often  happens  with  the  first  attempts  to 
generalize,  the  plan  was  never  executed,  and  may 
never  have  been  accurately  digested. 

From  these  sketches  it  appears  that  the  first  of 
the  propositions  just  enumerated,  viz.  that  a  vast 
proportion  of  the  present  rocks  is  composed  of  ma- 
terials afforded  by  the  destruction  of  bodies,  animal, 
vegetable,  and  mineral,  of  more  ancient  formation, 
was  the  first  conclusion  that  he  drew  from  his  ob- 
servations* 
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.  The  second  Beems  to  have  been,  that  all  the  pre- 
sent rocks  are  without  exception  going  to  decay, 
and  their  materials  descending  into  the  ocean. 
These  two  propositions,  which  are  the  extreme 
points,  as  it  were,  of  his  system,  appear,  as  to  the 
order  in  which  they  became  known,  to  have  pre- 
ceded all  the  rest.  They  were  neither  of  them,  even 
at  that  time,  entirely  new  propositions,  though,  in 
the  conduct  of  the  investigation,  and  in  the  use 
made  of  them,  a  great  deal  of  originality  was  dis- 
played. Tlie  comparison  of  them  natui*ally  sug- 
gested to  a  mind  not  fettered  by  prejudice,  nor 
swayed  by  authority,  that  they  are  two  steps  of  the 
same  progression ;  and  that,  as  the  present  con- 
tinents are  composed  from  the  waste  of  more  an^ 
oimit  land,  so,  from  the  destruction  of  them,  fu- 
ture continents  may  be  destined  to  arise.  Dr  Hut- 
Um  accordingly,  in  the  notes  to  which  I  allude, 
insists  much  on  the  perfect  agreement  of  the  struc- 
ture of  the  beds  of  grit  or  sandstone,  with  that  of 
the  banks  of  unconsolidated  sand  now  formed  on 
our  shores,  and  shows  that  these  bodies  differ  from 
one  another  in  nothing  but  their  compactness  and 
induration. 

In  generalizing  these  appearances,  he  proceeded 
a  step  farther,  considering  this  succession  of  conti- 
nents as  not  confined  to  one  or  two  examples,  but 
as  indefinitely  extended,  and  the  consequence  of 
laws  perpetually  acting.     Thus  he  arrived  at  the 
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new  and  sublime  conclusion,  which  represents  na* 
tare  as  having  proyfded  for  a  constant  succession  of 
land  on  the  surface  of  the  earth,  according  to  a  plan 
having  no  natural  termination,  but  calculated  to 
endure  as  long  as  those  beneficent  purposes,  for 
which  the  whole  is  destined,  shall  continue  to  exist. 
This  conclusion,  howerer,  was  but  a  suggestion, 
till  the  mechanism  was  inquired  into  by  which  this 
grand  renovation  may  be  brought  about,  or  by 
which  loose  materials  can  be  converted  into  stone, 
and  elevated  into  land.     This  led  to  an  investiga- 
tion of  the  mineralizing  principle,  or  the  cause  of 
the  consolidation  of  mineral  bodies.    And  Dr  Hut- 
ton  appears  accordingly,  with  great  impartiality, 
and  with  no  physical  hypothesis  whatever  in  his 
mind,  to  have  begun  with  inquiring  into  the  nature 
of  the  fluidity  which  so  many  mineral  substances 
seem  to  have  possessed  previous  to  the  acquisition 
of  their  present  form*     After  a  long  and  minute 
examination,  he  came  to  the  conclusion,  that  the 
fluidity  of  these  substances  has  been  what  he  terms 
simple^  that  is  to  say,  not  such  as  is  produced 
by  combination  with  a  solvent.     The  two  general 
facts  from  ^hich  this  conclusion  follows  are,  first, 
that  no  solvent  is  capable  of  holding  in  solution  all 
mineral  substances,   nor  even  all  such  varieties 
c£  them  as  are  often  united  in  the  same  specimen ; 
and,  secondly,  that  in  the  bodies  composed  of  frag- 
ments of  other  bodies,  the  consolidation  is  so  com- 
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plete  that  no  room  is  left  for  a  solvent  to  have  ever 
occupied.  The  substance,  therefore,  which  was 
the  cause  of  the  fluidity  of  mineral  bodies,  and 
prepared  them  for  consolidation,  must  have  been 
one  that  could  act  on  them  all,  which  occupied  no 
space  within  them,  and  could  find  its  way  through 
them,  whatever  was  the  degree  of  their,  compactness 
and  induration.  Heat  is  the  only  substance  which 
has  these  properties ;  and  is  the  only  one,  therefore, 
which,  without  manifest  contradiction,  can  be  as- 
signed as  the  cause  of  mineral  consolidation. 

Many  difficulties,  however,  were  still  to  be  re- 
moved before  this  hypothesis  was  rendered  com- 
pletely sads&ctory ;  but  in  what  order  Dr  Hutton 
proceeded  to  remove  them,  the  notes  above  men- 
tioned do  not  enable  me  to  state.  We  may  neverui 
theless  conjecture,  with  considerable  probability* 
what  the  step  was  which  immediately,  followed. 

It  must  have  occurred  to  him,  as  an  objection  to 
the  consolidation  of  minerals  by  subterraneous  heat, 
that  many  substances  are  found  in  the  bowels  of  the 
earth  in  a  state  altc^ether  unlike  that  into  which  they 
are  brought  by  the  action  of  our  fires  at  the  surface* 
Coal,  for  instance,  by  exposure  to  fire,  has  its  parts 
dissipated ;  the  ashes  which  remain  behind  are  a 
substance  quite  different  from  the  coal  itself;  and 
hence  it  would  seem  that  this  fossil  can  never  before 
have  been  subjected  to  the  action  of  fire.  But  is  it 
certain,  (we  may  suppose  Dr  Hutton  to  have  said 
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to  himaelf,)  if  the  heat  had  been  applied  to  the  coal 
in  the  interior  of  the  earth,  at  the  bottom  of  the  sea, 
for  example,  that  the  same  dissipation  of  the  parts 
would  have  taken  place  ?  Would  not  the  greater 
compression  that  must  prevail  in  that  region  have 
pr^vented  the  dissipation,  at  least  till  a  more  intense 
heat  was  applied  ?  And  if  the  dissipation  was  pre- 
vented, might  not  the  mass,  after  cooling,  be  very 
different  from  any  thing  that  can  be  obtained  by 
burning  at  the  surface  of  the  earth  ?  It  is  plain 
that  there  is  no  reason  whatever  for  answering 
these  questions  in  the  negative.  And,  on  the  con- 
trary, if  the  analogy  of  nature  is  consulted,  if  the 
fact  of  water  requiring  more  heat  to  make  it  boil 
when  it  is  more  compressed,  or  the  experiments 
with  Papin's  digester,  be  considered,  it  will  appear 
that  the  answer  must  be  in  the  aflirmative.  Nay, 
it  could  not  but  seem  reasonable  to  proceed  a  step 
farther,  and,  as  the  mixture  of  substances  is  known  in 
so  many  instances  to  promote  their  fusibility,  to 
suppose  that,  when  the  volatile  parts  of  bodies  were 
restrained,  the  whole  mass  might  be  reduced  into 
fusion  by  heat,  though,  when  these  same  parts  were 
driven  off,  the  residuum  might  be  altogether  infu- 
sible. Thus  coal,  when  the  charcoal  and  bitumen 
are  forced  to  remsdn  in  union,  may  very  well  be  a 
fusible  substance,  though,  when  the  latter  is  per- 
mitted to  escape,  the  former  becomes  one  of' the 
most  refractory  of  all  bodies. 
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In  this  way,  and  probably  from  this  very  instance, 
the  effects  of  compression  may  have  suggested  them- 
selves to  Dr  Hutton.  He  would  soon  perceive  that 
the  same  principle  could  be  very  generally  iapplied, 
and  that  it  affi)rded  the  solution  of  a  difficulty  con^ 
coming  limestone  similar  to  that  which  has  been 
just  stated  with  respect  to  coal.  Limestone  is  not 
found  in  the  bowels  of  the  earth  having  the  causti- 
city which  it  acquires  by  the  action  of  fire,  and 
hence  one  might  conclude  that  it  had  never  been 
exposed  to  the  action  of  that  element.  But  the 
experiments  of  Dr  Black,  before  his  friend  was  en- 
gaged in  this  geological  investigation,  *  had  proved 
that  the  causticity  of  lime  depends  on  the  expul- 
sion of  the  aSriform  fluid,  since  distinguished  by 
the  name  of  carbonic  gas,  which  composes  no  less 
than  two-fifths  of  the  whole*  This  great  discovery^ 
which  has  extended  its  influence  so  widely  over  the 
science  of  chemistry,  also  led  to  important  conse- 
quences in  geology ;  and  Dr  Hutton  inferred  from 
it,  that  strong  compression  might  prevent  the  caus- 

*  Dr  Black's  paper  on  magneaia,  'w.hich  contained  thia  dia- 
covery,  waa  communicated  to  the  Philosophical  Society  of 
Edinburgh  in  June  1755,  and  waa  publiahed  in  the  second 
volume  of  their  Essays,  in  the  year  following.  Dr  Hutton 
had  at  this  time  only  begun  his  geological  researches*  It  waa 
not,  I  imagine,  till  after  the  year  176O  thatdiey  came  to  takf 
the  form  of  a  theory. 
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tidty  of  lime,  by  confiniDg  the  carbonic  gas,  even 
when  great  heat  was  applied,  and  that,  as  has  been 
supposed  of  coal,  the  whole  may  have  been  melted 
in  the  interior  of  the  earth,  so  as  on  cooling  to  ac- 
^piire  that  crystallized  or  sparry  structure  which  the 
carbonate  of  lime  so  frequently  possesses*  * 


*  In  the  view  here  presented  of  the  principle  of  compres- 
fsion,  as  employed  in  the  Huttonian  Theory,  it  is  considered 
as  a  hypothesis,  conformable  to  analogy,  assumed  for  the 
purpose  of  explaining  certain  phenomena  in  the  natural  his- 
tory of  the  earth.  It  rests,  therefore,  as  to  its  evidence, 
partly  on  its  conformity  to  analogy,  and  partly  on  the  expla- 
nation which  it  affords  of  the  phenomena  alluded  to.  In 
8U]^posingthat  it  derives  probability  from  the  last-mentioned 
source,  we  are  far  from  assuming  any  thing  unprecedented 
in  sound  philosophy.  A  principle  is  oflen  admitted  in  phy- 
sics, merely  because  it  explains  a  great  number  of  appear- 
ances ;  and  the  theory  of  Gravitation  itself  rests  on  no  other 
foundation. 

The  degree  of  this  evidence  will  perhaps  be  differently  ap- 
preciated, according  to  a  man's  habits  of  thinking,  or  the 
class  of  studies  in  which  he  has  been  chiefly  engaged.  To 
Dr  Hutton  himself  it  appeared  very  strong ;  for  he  consider- 
ed th^  fact  of  the  liquefaction  of  mineral  substances  by  heat 
as  so  completely  established,  that  it  affords  a  full  proof  of  the 
fusibility  of  those  substances  having  been  increased  by  the 
compression  which  they  endured  in  the  bowels  of  the  earth. 
In  his  view  of  the  matter,  no  other  proof  seemed  necessary, 
and  he  did  not  appear  to  think  that  the  direct  testimony  of 
experiment,  could  it  have  been  obtained,  would  have  added 
much  to  the  credibility  of  this  part  of  his  system. 

For  my  part,  I  will  acknowledge  that  the  matter  appear^ 
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.  It  1ft  unnecessary  to  cairy  our  conjectures  con- 
cerning the  train  of  Dr  Hutton's  discoveries  .to  a 
greater  length ;  the  developement  of  the  principles 
now  enumerated,  and  the  comparison  of  the  results 
with  the  facts  observed  in  the  natural  history  of 
minerals,  led  to  those  discoveries,  by  a  road  that 
will  be  easily  traced  by  those  who  study  his  theory 
with  attention. 

It  might  have  been  expected,  when  a  work  of  so 
much  originality  as  this  Theory  of  the  Earth  was 
given  to  the  world,  a  theory  which  professed  to  be 
the  result  of  such  an  ample  and  accurate  induction, 
and  which  opened  up  so  many  views,  interesting 
not  to  mineralogy  alone,  but  to  philosophy  in  gene-* 
ral,  that  it  would  have  produced  a  sudden  and  visi- 

to  me  in  a  light  somewhat,  different^  and  that,  though  ithe  ar-* 
guments  just  mentioned  are  sufficient  to  produce  a  very 
strong  conviction,  it  is  a  conviction  that  would  be  strength- 
ened by  an  agreement  with  the  results  even  of  such  experi- 
ments as  it  is  within  our  reach  to  make.  It  seems  to  me, 
that  it  is  with  this  principle  in  geology,  much  as  it  is  with 
the  parallax  of  the  earth's  orbit  in  astroncxmy ;  the  discovery 
of  which,  though  not  necessary  to  prove  the  truth  of  the  Co- 
pemican  System,  would  be  a  most  pleasing  and  beautiful  ad- 
dition to  the  evidence  by  which  it  is  supported.  So,  in  the 
Huttoman  geology,  though  the  effects  ascribed  to  compres- 
•ioii  are  €bu\j,  deducible  from  the  phenomena  of  the  mine- 
ral kiiigdam  itself,  compared  wkh  certain  analogies  which 
science  has  established,  yet  the  .testimony  of  direct  eiqperi* 
ment  would  make  the  evidence  complete,  and  would  leav« 
nothing  tHat  incredulity  itself  could  possibly  desiderate. 
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r  jica  )c  science  would  have  been 

TrT  zi  iec!«ie  concerning  its  real 

J  £  i»  ^ricL  ^  thai  h  drew  their  attention 

^■«in  ^  iXiic  ientnl  years  elapsed  before  any 

.,ijw^^*  utwxi:  puhJicIy  concerned  about  it, 

.-  -fr  iU  -num^  0€  a  friend. 

^•tL'Tu  .'au^e^  probably  contributed  to  produce 

-.^   .:^..n:i'^ace.     The  world  was  tired  out  with 

^-ssi^vt^MU^  mempts  to  form  geological  theories, 

^  rxii  -^t^^  but  ill  informed  of  the  phenomena 

^'^^i  ^y  projiosed  to  explain,  and  who  proceed- 

•^  *M/  «m  the  supposition  that  they  could  give  an 

i^v.*uuc  of  the  origin  of  things,  or  the  first  establish- 

nc^tc  y)t  that  system  which  is  now  the  order  of  na^ 

.uixr>     Men  who  guided  their  inquiries  by  a  prin- 

^\^c  so  inconsistent  with  the  limits  of  the  human 

^*ulties,  could  never  bring  their  speculations  to  a  sa- 

tt^Hictory  conclusion,  and  the  world  readily  enough 

perceived  their  failure,  without  taking  the  trouble 

to  inquire  into  the  cause  of  it. 

Truth,  however,  forces  me  to  add,  that  other 
reasims  certainly  contributed  not  a  little  to  prevent 
Or  Ilutton's  theory  from  making  a  due  impression 
on  the  world.  It  was  proposed  too  briefly,  and 
with  Xkxy  little  detail  of  facts,  for  a  system  which  in- 
voIvihI  si^  much  that  was  new,  and  opposite  to  the 
opinions  gcnorally  received.  The  descriptions 
which  it  iXMUains  of  the  phenomena  of  geology, 
!i«p|HV^  u\  I  ho  redder  too  great  a  knowledge  of  the 
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tliiiigs  described.  The  reasoning  is  sometimes  em- 
barrassed by  the  care  taken  to  render  it  strictly  lo- 
gical ;  and  the  transitions,  from  the  author's  pecu- 
fiar  notions  of  arrangement,  are  often  unexpected 
and  abrupt.  These  defects  run  more  or  less 
through  all  Dr  Hutton's  writings,  and  produce  a 
degree  of  obscurity  astonishing  to  those  who  knew 
hhn,  and  who  heard  him  every  day  converse  with 
no  less  clearness  and  precision,  than  animation  and 
force.  From  whatever  causes  the  want  of  perspi- 
cuity in  his  writings  proceeded,  perplexity  of 
thought  was  not  among  the  number ;  and  the  con- 
fusion of  his  ideas  can  neither  be  urged  as  an  apolo- 
gy for  himself,  nor  as  a  consolation  to  his  readers* 
Another  paper  from  his  pen,  a  Theory  of  Rain, 
appeared  also  in  the  first  volume  of  the  Edinburgh 
Transactions.  He  had  long  studied  meteorology 
with  great  attention ;  and  this  communication  con- 
tains one  of  the  few  speculations  in  that  branch  of 
knowledge  entitled  to  the  name  of  theory. 

Dr  Hutton  begins  with  supposing  that  the 
quantity  of  humidity  which  air  is  capable  of  dissolv- 
ing, increases  with  its  temperature.  Now,  this 
increase  must  either  be  in  the  same  ratio  with  the 
increase  of  heat,  in  a  less  ratio,  or  in  a  greater :  in 
other  words,  for  equal  increments  of  heat,  the  in- 
crements of  humidity  must  either  constitute  a  series 
of  which  all  the  terms  are  equal  to  one  another,  or 
a  series  in  which  the  terms  continually  decrease,  or 
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one  in  which  they  continually  increase.  *  If  eitha: 
of  the  two  first  laws  was  that  which  took  place  in 
nature,  a  mixture  of  two  portions  ot*  air,  though 
each  contained  as  much  humidity  as  it  was  capaUe 
of  dissolving,  would  never  produce  a  condensation 
of  that  humidity.  According  to  the  first  law,  the 
temperature,  the  humidity,  and  the  power  of  con- 
taining humidity,  in  the  mixture,  being  all  arith- 
metical means  between  the  same  quantities,  as  they 
existed  previously  to  the  mixture,  the  temperature 
produced  would  be  exactly  that  which  was  required 
by  the  humidity  to  preserve  it  in  its  invisible  form. 
If  the  second  law  took  place,  the  moisture  actually 
contained  in  the  mixture  would  be  less  than  the 
temperature  was  capable  of  supporting ;  so  that,  in- 


*  To  speak  strictly^  the  law  which  connects  the  increments 
of  humidity  in  the  air  with  the  increments  of  temperature^ 
is  not  confined  to  any  one  of  the  three  suppositions  here 
made^  but  may  involve  them  all.     The  humidity  dissolved 
may  be  proportional  to  soime  function  of  the  heat^  that  varies 
in  some  places  iELSter,  and  in  others  slower^  than  in  the  sim- 
ple ratio  of  the  heat  itself.     Nevertheless^  for  that  extent  to 
which  observation  reaches^  the  reasoning  of  Dr  Hutton  is 
quite  sufficient  to  prove  that  it  varies  (aster ;  or,  in  other 
words^  that  if  a  curve  be  supposed^  of  which  the  absciss® 
represent  the  temperature^  and  the  ordinates  the  humidity, 
this  curve,  though  it  may  in  the  course  of  its  indefinite  ex- 
tent be  in  some  places  concave  and  in  others  convex  toward 
the  axis,  is  wholly  convex  in  all  that  part  with  which  our 
obeervations  are  concerned. 
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Stead  of  a  condensation  of  humidity,  the  air  would 
become  drier  than  before* 

If,  on  the  other  hand,  the  third  law  be  that  , 
which  takes  place,  after  the  mixture  of  two  portions 
of  air  of  different  temperatures,  the  humidity  will 
Jbe  greater  than  the  temperature  is  able  to  maintain, 
and  therefore  a  condensation  of  it  will  follow.  Now, 
the  experience  of  every  day  proves,  that  the  mix- 
ture of  two  portions  of  humid  air  of  unequal  temper- 
atures, does  indeed  produce  a  condensation  of  mois- 
ture, and  therefore  we  are  authorized  to  conclude 
that  the  last-mentioned  law  is  that  which  actually 
prevails*  * 

It  has  been  supposed  that  the  chemical  solution  of  hu- 
midity in  air  is  necessarily  implied  in  this  theory  of  rain. 
The  truth  is,  that  the  air  is  here  considered  only  as  the  ve- 
hicle of  the  vapour,  and  that  the  transparent  state  of  the  lat- 
ter is  supposed  to  depend  on  the  temperature,  or  the  quan- 
tity of  heat ;  but  whether  that  heat  act  on  the  vapour  solely 
and  directly,  or  indirectly,  by  increasing  the  power  of  the 
air  to  retain  it  in  solution,  is,  with  respect  to  this  theory,  al- 
together immaterial. 

Dr  Hutton  has  indeed  used  the  common  language  con- 
cerning the  solution  of  humidity  in  air ;  but  the  supposition 
of  such  solution  is  not  essential  to  his  theory.  He  seemea, 
indeed,  to  entertain  doubts  about  the  reality  of  that  opera- 
tion, founded  on  the  circumstance  of  evaporation  taking 
place  in  vacuo.  Experiments  made  by  M.  Dalton,  since  the 
death  of  Dr  Hutton,  show  that  there  is  great  reason  for  sup- 
posing that  the  air  has  no  chemical  action  whatever  on  the 
aqueous  vapour  contained  in  it. — Manchester  Memoirs> 
Vol.  V.  p.  538. 
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It  is  dbvious  that  this  principle  afibrds  an  explt- 
nation  of  the  formation  of  clouds  in  the  atmosphere, 
and  that  currents  of  air,  or  winds,  of  different 
temperatures,  when  they  ttieet,  mutt  produce  such 
mixtures  tfs  have  been  described,  and  give  rise  con- 
sequently to  the  condensation  of  aqueous  vapour* 
When  the  supply  of  the  humid  air,  entering  into 
the  mixture,  is  continued,  the  quantity  of  cloud 
formed  will  continually  increase,  and  the  small 
globules  of  condensed  mcnsture,  uniting  into  drops, 
must  descend  in  rain* 

But  though  we  are  thus  in  possession  of  a  prin- 
ciple by  which  rain  may  be  certainly  produced,  yet 
whether  it  be  the  only  one  by  which  rain  is  pro- 
duced may  require  some  farther  investigation.  Dr 
Hutton  accordingly,  in  order  to  determine  this 
point,  has  entered  into  a  very  ample  detail  concern- 
ing the  rain  under  different  climates,  and  in  differ- 
ent regions  of  the  earth.  The  result  is,  that  the 
quantity  of  rain  is,  as  nearly  as  can  be  estimated, 
every  where  proportional  to  the  humidity  contained 
in  the  air,  and  the  causes  which  promote  the  mix- 
ture of  different  portions  of  air,  in  the  upper 
ifegions  of  the  atmosphere.  Between  the  tropics, 
for  instance,  the  dry  season  is  that  in  which  the 
uniform  current  of  the  trade-wind  meets  with 
no  obstruction  in  its  circuit  round  the  globe ;  and 
the  r^iny  season  happens  when  the  sun  approaches 
to  the  zenith,  and  when  the   steadiness  of  the 
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trade-wind  either  yields  to  irregular  variations^ 
or  to  the  stated  changes  of  the  monsoons. 

Thus,  too,  (to  mention  another  extreme  case,)  in 
certdn  countries  distant  from  the  sea,  having  little 
inequality  of  surface,  and  exposed  to  great  heat,  no 
rain  whatever  falls, .  and  the  sands  of  the  desert  are 
condemned  to  perpetual  sterility.  Even  there» 
however,  where  a  mountainous  tract  occurs,  the 
mixture  of  different  portions  of  air  produces  a  depo-r 
sition  of  humidity ;  perennial  springs  are  found ; 
and  the  fertile  vales  of  Feszan  or  Palmyra  are  ex- 
empted from  the  desolation  of  the  surrounding 
wilderness. 

This  ingenious  theory  attracted  immediate  at* 
tention,  and  was  valued  for  affording  a  distinct  no- 
tion of  the  manner  in  which  cold  acts  in  causing  a 
precipitation  of  humidity.  It  met,  however,  from 
M.  de  Luc  with  a  very  vigorous  and  determined 
opposition ;  Dr  Hutton  defended  it  with  some 
warmth,  and  the  controversy  was  carried  on  with 
more  sharpness,  on  both  sides,  than  a  theory  in  me- 
teorology might  have  been  expected  to  call  forth. 
For  this  Dr  Hutton  had  least  apology,  if  greatest 
indulgence,  on  the  score  of  temper,  is  due  to  the 
combatant  who  has  the  worst  argument.  The 
merits  of  the  question  cannot  be  considered  here : 
It  is  sufficient  to  remark,  that  they  came  ultimate- 
ly  to  rest  on  a  single  point,  Whether  the  refrigera- 
tion of  ur  is  carried  on  by  the  mixture  of  the  cold 
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and  the  hot  air,  or  by  the  passage  of  the  heat  itself, 
without  such  mixture,  from  one  portion  of  air  to 
another.  If  the  former  holds,  Dr  Hutton's  theory 
IS  established ;  if  the  latter  be  true,  M.  de  Luc's 
objections  may  at  least  merit  examination* 

Now,  it  is  certain,  that  if  not  the  only,  yet  al- 
most the  only,  communication  of  heat  through 
fluids,  is  produced  by  the  mixture  of  one  part  of 
the  fluid  with  another.  The  statical  principle  by 
which  heat  is  thus  propagated,  was  first,  I  believe, 
accurately  explained  by  Dr  Black,  and  since  his  time 
has  been  farther  illustrated  by  the  experiments  of 
Count  Rumford.  These  last  have  led  their  inge- 
nious author  to  conclude  that  heat  has  no  tendency 
to  pass  through  fluids,  otherwise  than  by  the  mix- 
ture of  the  parts  of  different  temperature.  The  ac- 
curacy of  this  conclusion,  in  its  full  extent,  may  rea- 
sonably be  questioned ;  but  this  much  of  it  is  un- 
doubtedly true,  that  when  the  particles  of  a  body 
are  at  liberty  to  move  freely  among  themselves,  the 
direct  communication  of  heat,  compared  with  the 
statical,  is  evanescent,  and  may  be  regarded  as  a 
mere  infinitesimal.  M.  de  Luc's  objections  are 
therefore  of  no  weight. 

The  Theory  of  Rain  was  republished  by  Dr  Hut- 
ton  in  his  Physical  Dissertations  several  years  after- 
wards,  together  with  his  answers  to  M.  de  Luc,  and 
several  other  meteorological  tracts,  which  contain 
many  excellent  examples  of  generalization,  in  a 
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branch  of  natural  history  where  it  is  more  easy  to  ac- 
cumulate facts,  and  more  difficult  to  ascertain  prin- 
ciples, than  in  any  other.  * 

*  It  may  be  proper  to  mention  here  some  lisefiil  observa- 
tions in  meteorology  which  Dr  Hutton  made,  but  of  which 
he  has  given  no  account  in  any  of  his  publications. 

He  was,  I  believe,  the  first  who  thought  of  ascertaining 
the  medium  temperature  of  any  climate  by  the  temperature 
of  the  springs.  With  this  view  he  made  a  great  number  of 
ebservations  in  different  parts  of  Ghreat  Britain,  and  found, 
by  a  singular  enough  coincidence  between  two  arbitrary  mea- 
sures, quite  independent  of  one  another,  that  the  temperature 
of  springs,  along  the  east  coast  of  this  island,  varies  nearly  at 
the  rate  of  a  degree  of  Fahrenheit's  thermometer  for  a  degree 
of  latitude.  This  rate  of  change,  though  it  cannot  be  gene* 
ral  over  the  whole  earth,  is  probably  not  far  from  the  truth 
for  all  the  northern  part  of  the  temperate  zone. 

For  estimating  the  effect  which  height  above  the  level  of 
the  sea  has  in  diminishing  the  temperature,  he  also  made  a 
series  of  observations  at  a  very  early  period.  By  these  ob- 
aervations  he  found  that  the  difference  between  the  state  of 
the  thermometer  in  two  places  of  a  given  difference  of  level, 
and  not  very  distant,  in  a  horizontal  direction,  is  a  constant 
quantity,  or  one  which  remains  at  all  seasons  nearly  the 
same,  and  is  about  1^  for  230  feet  of  perpendicular  height 

I  must,  however,  observe,  that,  on  verifying  these  obser-> 
rations,  I  have  found  the  rate  of  the  decrease  of  temperature 
a  little  slower  than  this,  and  very  nearly  a  degree  for  250 
fbet.  This  seems  to  hold  for  a  considerable  height  above  the 
earth's  surface,  and  will  be  found  to  ccnne  pretty  near  the 
truth,  to  the  height  of  five  or  six  thousand  feet.  It  is  not, 
however,  probable,  that  the  diminution  of  the  temperature 
is  exactly  proportional  to  the  mcrease  of  elevation ;  and  i% 
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After  the  period  of  the  two  publicatioDs  just 
^3ntioiied»  Dr  Hutton  made  several  excursions 


would  seem,  that  at  heights  greater  than  the  preceding^  the 
deviation  becomes  sensiUe ;  the  differences  of  heat  varying  in 
a  less  ratio  than  the  differences  o£  elevation. 

In  explaining  this  diminution  of  temperature  as  we  ascend 
in  the  atmosphere^  Dr  Hutton  was  mudi  more  fortunate  than 
any  other  of  the  philosophers  who  have  considered  the  same 
subject     It  is  well  known  that  the  condensation  of  air  con- 
verts part  of  the  latent  into  sensible  heat,  and  that  the  rarefac- 
tion of  air  converts  part  of  the  sensible  into  latent  heat.   This 
is  evident  from  the  experiment  of  the  air-gun,  and  from  many 
others.   If>therefore,  we  suppose  a  given  quantity  of  air  to  be 
suddenly  transported  from  the  sur&ce  to  any  height  above  it, 
the  air  will  expand  on  account  of  the  diminution  of  pressure, 
and  a  part  of  its  heat  becoming  latent,  it  will  become  colder 
than  before.    Thus  also,  when  a  quantity  of  heat  ascends,  by 
any  means  whatever,  from  one  stratum  of  air  to  a  superior 
stratum,  a  part  of  it  becomes  latent,  so  that  an  equilibrium 
of  heat  can  never  be  established  among  the  strata ;  but  those 
which  are  less  must  always  remain  colder  than  those  that  are 
more  compressed.     This  was  Dr  Hutton's  explanation,  and 
it  contains  no  hypothetical  principle  whatsoever. 

To  one  who  considers  meteorology  with  attention,  the 
want  of  an  accurate  hygrometer  can  never  fail  to  be  a  sub- 
ject of  regret.  The  way  of  supplying  this  deficiency  whicli 
Dr  Hutton  practised  was  by  moistening  the  ball  of  a  ther- 
mometer, and  observing  the  degree  of  cold  produced  by  the 
evaporation  of  the  moisture.  The  degree  of  cold,  cceieris 
paribus,  will  be  proportional  to  the  dryness  of  the  air,  and 
affords,  of  course,  a  measure  of  that  dryness.  The  same 
contrivance,  but  without  any  communication  whatsoever, 
occurred    afterwards    to  Mr  Leslie,  and  being  piursued 
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into  different  parts  of  Scotland,  with  a  view  of  com- 
paring certain  results  of  his  theory  of  the  earth  with  ^ 
actual  observation.     His  account  of  granite,  viz, 
that  it  is  a  substance  which,  having  been  reduced 
into  fusion  by  subterraneous  heat,  has  been  forcibly 
injected  among  the  strata  already  consolidated,  was 
so  different  from  that  of  other  mineralogists,  that  it 
seemed  particularly  to  require  farther  examination. 
He  concluded,  that  if  this  account  was  just,  some 
confirmation  of  it  must  appear  at  those  places  where 
the  granite  and  the  strata  are  in  contact,  or  where 
the  former  emerges  from  beneath  the  latter.     In 
such  situations,  one  might  expect  veins  of  the  sUm& 
which  bad  been  in  fusion  to  penetrate  into  the  stone 
which  had  been  solid ;  and  some  imperfect  descrip- 
tions of  granitic  veins  gave  reason  to  imagine  that 
this  phenomenon  was  actually  to  be  observed.    Dr 
Hutton  was  anxious  that  an  instantia  crticis  might 
subject  his  theory  to  the  severest  test. 

One  of  the  places  where  he  knew  that  a  junction 
of  the  kind  he  wished  to  examine  must  be  found, 
was  the  line  where  the  great  body  of  granite  which 
runs  from  Aberdeen  westward,  forming  the  central 
chain  of  the  Grampians,  comes  in  contact  with  the 
schistus  which  composes  the  inferior  ridges  of  the 

through  a  series  of  very  accurate  and  curious  experiments^ 
has  produced  an  instrument  which  promises  to  answer  all 
the  purposes  of  photometry  as  well  as  hygrometry^  and  so  to 
make  a  very  important  addition  to  our  physical  apparatus. 
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same  mountams  toward  the  south.  The  nearest 
and  most  accessible  point  of  this  line  seemed  likely 
to  be  situated  not  far  to  the  eastward  of  Blair  in 
Athol,  and  could  hardly  fSul  to  be  yisible  in  the 
beds  of  some  of  the  most  northern  streams  which 
run  into  the  Tay.  Dr  Hutton  having  mentioned 
these  circumstances  to  the  Duke  of  Athol,  was  in- 
vited by  that  nobleman  to  accompany  him  in  the 
shooting  season  into  Glentilt,  which  he  did  accord- 
ingly, together  with  his  friend  Mr  Clerk  of  Elden, 
in  summer  178^* 

The  Tilt  is,  .according  to  the  seasons,  a  small 
river,  or  an  impetuous  torrent,  which  runs  through 
a  glen  of  the  same  name,  nearly  south*  west,  and 
deeply  intersects  the  southern  ridges  of  the  Gram- . 
pian  Mountains.  The  rock  through  which  its  bed 
is  cut  is  in  general  a  hard  micaceous  schistus ;  and 
the  glen  presents  a  scene  of  great  boldness  and  as- 
perity, often  embellished,  however,  with  the  accom- 
paniments of  a  softer  landscape* 

When  they  had  reached  the  Forest  Lodge,  about 
seven  miles  up  the  valley,  Dr  Hutton  already  found 
himself  in  the  midst  of  the  objects  which  he  wished 
to  examine.  In  the  bed  of  the  river,  many  veins  of 
red  granite  (no  less,  indeed,  than  six  large  veins  in 
the  course  of  a  mile)  were  seen  traversing  the  black 
micaceous  schistus,  and  producing,  by  the  contrast 
of  colour,  an  effect  that  might  be  striking  even  to 
ap  unskilful  observer.     The  sight  of  objects  which 
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verified  at  once  so  many  important  conclusions  in  his 
system,  filled  him  with  delight ;  and  as  his  feelings, 
on  such  occasions,  were  always  strongly  expressed, 
the  guides  who  accompanied  him  were  convinced 
that  it  must  be  nothing  less  than  the  discovery  of 
a  vein  of  silver  or  gold,  that  could  call  forth  such 
strong  marks  of  joy  and  exultation. 

Dr  Hutton  has  described  the  appearances  at  this 
spot  in  the  third  volume  of  the  Edinburgh  Transac- 
tions, p.  79»  and  some  excellent  drawings  of  them 
were  made  by  Mr  Clerk,  whose  pencil  is  not  less 
valuable  in  the  sciences  than  in  the  arts.  On  the 
whole,  it  is  certain,  that  of  all  the  junctions  of  gra- 
nite and  schistus  which  are  yet  known,  this  at  Glen- 
tilt  speaks  the  most  unambiguous  language,  and 
mdst  clearly  demonstrates  the  violence  with  which 
the  granitic  veins  were  injected  among  the  schis- 
tus.* 

*  I  must  take  this  opportunity  of  correcting  a  mistake 
which  I  have  made  in  describing  the  junction  in  Glentilt^ 
(Illustrations  of  the  Huttonian  Theory^  p.  310^)  where  I 
have  said^  that  the  great  body  of  granite  from  which  these 
veins  proceed  is  not  immediately  visible.  This^  however^  is 
not  the  fact^  for  the  mountains  on  the  north  side  of  the  glen 
are  a  mass  of  granite  to  which  the  veins  can  be  directly 
traced.  This  I  have  been  assured  of  by  Mr  Clerk.  Dv  Hut- 
Um  has  not  described  it  distinctly ;  and  not  having  seen  the 
union  of  the  veins  with  the  granite  on  the  north  side^  when 
*  I  visited  the  same  spot^  I  concluded  too  hastily  that  it  had 
not  yet  been  discovered. 
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In  the  year  foUowing,  Dr  Hutton  and  Mr  Clerk 
alw>  visited  Galloway^  in  search  of  granitic  veins^ 
which  they  found  at  two  diflferent  places,  where 
the  granite  and  schistus  come  in  contact.  One  of 
these  junctions  was  afterwards  very  carefully  exa- 
mined by  Sir  James  Hall  and  Mr  Douglas,  now 
Lord  Selkirk,  who  made  the  entire  circuit  of  a 
tract  of  granite  country,  which  reaches  from  the 
banks  of  Loch  Ken,  where  the  junction  is  best 
seen,  westward  to  the  valley  of  Palnure,  occupying 
a  space  of  about  11  miles  by  7*  See  Edinburgh 
Transactions,  Vol.  IIL  History,  p.  8. 

In  summer  1787f  Dr  Hutton  visited  the  island 
of  Arran  in  the  mouth  of  the  Clyde,  one  of  those 
spots  in  which  nature  has  collected,  within  a  very 
small  compass,  all  the  phenomena  most  interesting 
to  a  geologist.  A  range  of  granite  mountains, 
placed  in  the  northern  part  of  the  island,  have  their 
sides  covered  with  primitive  schistus  of  various 
kinds,  to  which,  on  the  sea  shore,  succeed  second- 
ary strata  of  grit,  limestone,  and  even  coal.  Here, 
therefore,  Dr  Hutton  had  another  opportunity  of 
examining  the  junction  of  the  granite  and  schistus, 
and  found  abundance  of  the  veins  of  the  former  pe- 
netrating into  the  latter.  In  three  diflferent  places 
he  met  with  this  phenomenon ;  in  the  torrents  that 
descend  from  the  south  side  of  Goatfield ;  in  Glen- 
rosa,  on  the  west,  and  in  the  little  river  Sannax, 
on  the  north-east,  of  that  mountain.     From  the 
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fint  of  these  he  brought  a  fl^cimen  of  some  hun- 
dred-weight, consisting  of  a  block  of  schistus^ 
which  includes  a  lat^  vein  of  granite. 

At  the  northern  extremity  of  the  island  he  had 
likew^  a  view  of  the  secondary  strata  lying  upon 
ihe  primary,  with  their  plaues  at  right  angles  to 
one  another.  In  the  gk^at  quantity,  also,  of  pud- 
ding-stone, containing  rounded  quartzy  gravel,  uni- 
ted by  an  arenaceous  cement ;  in  the  multitude  of 
whinstone  dikes,  which  abound  in  this  island ;  and 
in  the  veins  of  pitchstone,  a  fossil  which  he  had  not 
before  met  with  in  its  native  place ;  He  found  other 
interesting  subjects  of  observation ;  so  that  he  re- 
turned from  this  tour  highly  gratified,  and  used 
often  to  say  that  he  had  no  where  found  his  expec- 
tations so  much  exceeded,  as  in  the  grand  and  in- 
structive appearances  with  which  nature  has  adorn- 
ed this  little  island. 

Mr  John  Clerk,  the  son  of  his  friend  Mr  Clerk 
of  £lden,  accompanied  him  in  this  excursion,  and 
made  several  dravnngs,  which,  together  with  a  de- 
acription  of  the  island  drawn  up  afterwards  by  Dr 
Hntton,  still  remain  in  manuscript. 

The  least  complete  of  the  observations  at  Arran 
was  that  of  the  junction  of  the  primitive  with  the 
aeoondary  strata,  which  is  but  indistinctly  seen  in 
thit  idand,  and  only  at  one  place.  Indeed,  the 
OMtact  of  these  two  kinds  of  rock,  thou^  it  forms 
a  Ime  circumscribing  the  basea  of  all  primitive 
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countries,  is  so  covered  by  the  soil,  as  to  be  visU 
Ue  in  very  few  places.  In  the  autumn  of  this  same 
year,*^  however,  Dr  Hutton  had  an  opportunity  of 
observing  another  instance  of  it  in  the  bank  of  the 
river  Jedd,  about  a  mile  above  the  town  of  Jed- 
bui^h.  The  schistus  there  is  micaceous,  in  verti- 
cal  plates,  running  from  east  to  west,  though  some-* 
what  undulated.  Over  these  is  extended  a  body 
of  red  sandstone,  in  beds  nearly  horizontal,  having 
interposed  between  it  and  the  vertical  strata  a  brec- 
cia full  of  fragments  of  these  last.  Dr  Hutton  has 
given  an  account  of  this  spot  in  the  first  volume  of 
his  Theory  of  the  Earth,  p.  432,  accompanied  with 
a  copperplate,  from  a  drawing  by  Mr  Clerk. 

lu  1788  he  made  some  other  valuable  obseiTa- 
tions  of  the  same  kind.  The  ridge  of  the  Lam* 
mermuir  Hills,  in  the  south  of  Scotland,  consists 
of  primary  micaceous  schistus,  and  extends  from  St 
Abb's  Head  westward,  till  it  join  the  metalliferous 
mountains  about  the  sources  of  the  Clyde.  The 
sea  coast  affords  a  transverse  section  of  this  alpine 
tract  at  its  eastern  extremity,  and  exhibits  the 
change  from  the  primary  to  the  secondary  strata,  both 
on  the  south  and  on  the  north.  Dr  Hutton  wished 
particularly  to  examine  the  latter  of  these,  and  on 
this  occasion  Sir  James  HaU  and  I  had  the  pleasure 
to  accompany  him.  We  sailed  in  a  boat  from  Dun- 
glass,  on  a  day  when  the  fineness  of  the  weather 
permitted  us  to  keep  close  to  the  foot  of  the  rocks 
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which  line  the  shore  in  that  quarter,  directing  our 
course  southwards,  in  search  of  the  termination  of 
the  secondary  strata.  We  made  for  a  high  rocky 
point  or  liead-land,  the  Siccar,  near  which,  from 
our  observations  on  shore,  we  knew  that  the  object 
we  were  in  search  of  was  likely  to  be  discovered. 
On  landing  at  this  point,  we  found  that  we  actual- 
ly trode  on  the  primeval  rock,  which  forms  alter- 
nately the  base  and  the  summit  of  the  present 
land.  It  is  here  a  micaceous  schistus,  in  beds  near- 
ly vertical,  highly  indurated,  and  stretching  from 
S.  E.  to  N.  W.  The  surface  of  this  rock  runs 
with  a  moderate  ascent  from  the  level  of  low-water, 
at  which  we  landed,  nearly  to  that  of  high-water, 
where  the  schistus  has  a  thin  covering  of  red  hori- 
zontal sandstone  laid  over  it ;  and  this  sandstone, 
at  the  distance  of  a  few  yards  farther  back,  rises  in- 
to a  very  high  perpendicular  cliff.  Here,  there- 
fore, the  immediate  contact  of  the  two  rocks  is  not 
only  visible,  but  is  curiously  dissected  and  laid  open 
by  the  action  of  the  waves.  The  rugged  tops  of 
the  schistus  are  seen  penetrating  into  the  horizon- 
tal beds  of  sandstone,  and  the  lowest  of  these  last 
form  a  breccia  containing  fragments  of  schistus, 
some  round  and  others  angular,  united  by  an  are- 
naceous cement. 

Dr  Hutton  was  highly  pleased  with  appearances 
that  set  in  so  clear  a  light  the  different  formations 
of  the  parts  which  compose  the  exterior  crust  of  the 
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earthy  and  where  ail  the  circittnstances  were  com- 
bined that  could  render  the  observation  satisfactory 
and  precise.  On  us  who  saw  these  phenomena  for 
the  first  time,  the  impression  made  will  not  easily 
be  forgotten.  The  palpable  evidence  presented  to 
nsp  of  one  of  the  mort  extraordinary  and  important 
fiurts  in  the  natural  history  of  the  earth,  gave  a  rea- 
lity and  substance  to  those  theoretical  speculations, 
which,  however  probable,  had  never  till  now  been 
directly  authenticated  by  the  testimony  of  the 
senses.  We  often  said  to  ourselves.  What  clearer 
evidence  could  we  have  had  of  the  di£Perent  forma- 
tion of  these  rocks,  and  of  the  long  interval  which 
separated  their  formation,  had  we  actually  seen 
them  emerging  fi-om  the  bosom  of  the  deep  ?  We 
fdt  ourselves  necessarily  carried  back  to  the  time 
when  the  schistus  on  which  we  stood  was  yet  at  the 
bottom  of  the  sea,  and  when  the  sandstone  before 
us  was  only  beginning  to  be  deposited,  in  the  shape 
of  sand  or  mud,  from  the  waters  of  a  superincum- 
bent ocean.  An  epocha  still  more  remote  present- 
ed itself,  when  even  the  most  ancient  of  these 
rocks,  instead  of  standing  upright  in  vertical  beds, 
lay  in  horizontal  planes  at  the  bottom  of  the  sea, 
and  was  not  yet  disturbed  by  that  immeasurable 
force  which  has  burst  asunder  the  solid  pavement  of 
the  globe.  Revolutions  still  more  remote  appeared 
in  the  distance  of  this  extraordinary  perspective.  * 

•   For  a  fuller  deduction  of  the  conclusions  here  referred 
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The  mind  seemed  to  grow  giddy  by  looking  so  far 
into  the  abyss  of  time  ;  and  while  we  listened  with 
earnestness  and  admiration  to  the  philosopher  who 
was  now  unfolding  to  us  the  order  and  series  of 
these  wonderful  events,  we  became  sensible  how 
much  farther  reason  may  sometimes  go  than  imagi- 
nation can  venture  to  follow.  As  for  the  rest,  we 
were  truly  fortunate  in  the  course  we  had  pursued 
in  this  excursion  ;  a  great  number  of  other  curious 
and  important  facts  presented  themselves,  and  we 
returned,  having  collected,  in  one  day,  more  ample 
materials  for  future  speculation,  than  have  some- 
times resulted  from  years  of  diligent  and  laborious 
research. 

In  the  latter  part  of  this  same  summer,  (1738,) 
Dr  Hutton  accompanied  the  Duke  of  Athol  to  the 
Isle  of  Man,  with  a  view  of  making  a  mineral  sur- 
vey of  that  island.  What  he  saw  there,  however, 
was  not  much  calculated  to  illustrate  any  of  the' 
great  facts  in  geoI(^.  He  found  the  main  body 
of  the  island  to  consist  of  primitive  schistus,  much 
inclined,  and  more  intersected  with  quartzy  veins 
than  the  corresponding  schistus  in  the  south  of 
Scotland.  In  two  places  on  the  opposite  sides  of 
the  island,  this  schistus  was  covered  by  secondary 
strata,  but  the  junction  was  no  where  visible.  Some 

to,  tee  Theory  of  the  Earth,  Vol.  I.  p.  45S ;  also  lUustra- 
tiont  of  the  Huttonian  Theory,  p.  913. 

VOL.  IV.  P 
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gfRnite  veins  were  observed  in  the  schistus,  and 
many  loose  blocks  of  that  stone  were  met  with  in 
the  soil,  or  on  the  surface,  but  no  mass  of  it  was  to 
be  seen  in  its  native  place.  The  direction  of  the 
primitive  strata  ccnrresponded  very  well  with  that  in 
Galloway,  running  nearly  from  east  to  west.  This 
is  all  the  general  information  which  was  obtained 
from  an  excursion,  which,  in  other  respects,  was 
very  agreeable.  Dr  Hutton  performed  it  in  com- 
pany with  his  friend  Mr  Clerk,  and  they  again  ex- 
perienced the  politeness  and  hospitality  of  the  same 
nobleman  who  had  fiMmaerly  entertuned  them,  on 
an  expedition  which  deserves  so  well  to  be  remem- 
bered in  the  annals  of  geology. 

Though  frcHn  the  account  now  given,  it  appears 
that  Dr  Hutton's  mind  had  been  long  turned  with 
great  earnestness  to  the  study  of  the  theory  of  the 
earth,  he  had  by  no  means  confined  his  attention  to 
that  subject,  but  had  directed  it  to  the  formation  of 
a  general  system,  both  of  physics  and  metaphysics.  * 

*  At  what  time  these  last  q>eciilations  began  to  share  his 
attention  with  the  fonner^  I  have  not  been  able  to  discover^ 
though  I  have  reason  to  believe^  that  before  I  became  ac- 
quainted with  him^  which  was  about  1781>  he  had  complet- 
ed a  manuscript  treatise  on  each  of  tliem^  the  same  nearly 
that  he  afterwards  gave  to  the  world.  His  speculations  on 
general  physics  were  of  a  date  much  earlier  than  this. 

The  Physical  System  referred  to  here  forms  the  third 
^  part  of  a  work  entitled.  Dissertations  on  different  Subjects 
in  Natural  Philoeoidiy,  in  one  vol.  4to*  1792. 
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He  tells  U8  himself,  that  he  was  led  to  the  study  ef 
general  physics,  from  those  views  of  the  properties 
of  body  which  had  occurred  to  him  in  the  prosecu- 
tion of  his  chemical  and  mineralogical  inquiries^ 
Ih  diose  speculations,  therefore,  that  extended  so 
£ur  into,  the  regions  of  abstract  science,  he  began 
from  chemistry ;  and  it  waa  from  thence  that  he 
took  his  departure  in  his  circumnavigation  both  of 
the  material  and  intellectual  world. 

The  chemist,  indeed,  is  flattered  more  than  any 
one  else  with  the  hopes  of  discovering  in  what  the 
easence  of  matter  consists  ;  and  Nature,  while  she 
keeps  the  astron(»ner  and  the  mechanician  at  a  great 
distance,  seems  to  admit  him  to  more  familiar  c(m^ 
verse,  and  to  a  more  intimate  acquaintance  with  her 
secrets.  The  vast  power  which  he  has  acquired 
over  matter,  the  astonishing  transformations  which 
lie  effects,  his  success  in  analyzing  almost  all  bodies^ 
and  in  reproducing  so  many,  seem  to  promise  that 
he  shall  one  day  discover  the  essence  of  a  substance 
which  he  has  so  thoroughly  subdued ;  that  he  shall 
be  able  to  bind  Proteua  in  his  cav^  and  finally  ex- 
tort from  him  the  secret  of  his  birth  ;  in  a  word» 
that  he  shall  find  out  what  matter  is,  of  what  el^ 
ments  it  is  composed,  and  what  are  the. properties 
essential  to  its  existence* 

In  entering  upon  this  new  inquiry^  Dr  Hutton 
vsas  forcibly  struck  with  the  very  jurt  reflecticHS^ 
That  we  do  by  no  moans  explsin  the  na|;i)pe  of 
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body,  when  we  describe  it  as  made  up  of  small  par- 
ticles ;  because,  if  we  allow  to  these  particles  any 
magnitude  whatsoever,  we  do  no  more  than  affirm 
that  great  bodies  are  made  up  of  small  ones.  The 
elements  of  body  must,  therefore,  be  admitted  to  be 
something  unextended.  To  these  unextended  de- 
ments Dr  Hutton  gave  the  name  of  Matter,  and 
carefully  distinguished  between  that  term  and  the 
term  Body,  which  he  applied  only  to  those  combi- 
nations of  matter  that  are  necessarily  conceived  to 
possess  impenetra^ity,  extension,  and  inertia. 

The  most  accurate  examination  of  the  properties 
of  body  confirms  the  truth  of  the  opinion,  that  it  is 
composed  of  unextended  elements.  Bodies  may 
be  compressed  into  smaller  dimensions ;  many  by 
the  application  of  mechanical  force,  and  all  by  the 
diminution  of  their  heat :  nor  is  there  any  limit  to 
this  compression,  or  any  point  beyond  which  the 
fiirther  reduction  of  volume  becomes  impossible. 
This  holds  of  substances  the  most  compact,  as  well 
as  the  most  volatile  and  elastic,  and  clearly  evinces 
that  the  elements  of  body  are  not  in  contact  with 
one  another,  and  that  in  reality  we  perceive  no- 
ting in  body  but  the  existence  of  certiiin  powers 
or  forces^  acting  with  various  intensities,  and  in  va- 
rious directions.  Thus  the  supposed  impenetrabi* 
lity,  and  of  course  the  extension  of  body,  is  nothing 
else  than  the  effort  of  a  resisting  or  repulsive 
power}  ita  cohesion,  weight,  &c.;the  efforta  of 


OF  DR  JAMES  HUTTON«  85 

attractive  power;  and  so  with  respect  to  all  its 
other  properties. 

But  if  this  be  granted,  and  if  it  be  true  that  in 
the  material  world  every  phenomenon  can  be  ez* 
plained  by  the  existence  of  power,  the  supposition 
of  extended  particles  as  a  substratum  or  residence 
for  such  power,  is  a  mere  hypothesis,  without  any 
countenance  from  the  matter  of  fact.  For  if  these 
solid  particles  are  never  in  contact  with  one  another, 
what  part  can  they  have  in  the  production  of  natu* 
ral  appearances,  or  in  what  sense  can  they  be  caUed 
the  residence  of  a  force  which  never  acts  at  the 
point  where  they  are  present?  Such  partici^Si 
therefore,  ought  to  be  entirely  discarded  from  any 
theory  that  proposes  to  explain  the  phenopieni^  of 
the  material  world. 

Thus,  it  appears,  that  power  is  the  essence  oi 
matter,  and  that  none  of  our  perceptions  warrant 
us  in  considering  even  body  as  involving  any  thing 
more  than  force,  subjected  to  various  laws  and  mo* 
difications. 

Matter,  taken  in  this  sense,  is  to  be  considered 
as  indefinitely  extended,  and  without  inertia.  Its 
presence  through  all  space  is  proved  by  the  univer* 
sality  of  gravitation ;  and  its  want  of  inertia,  by  the 
want  of  resistance  to  the  planetary  motions.  Thus^ 
in  our  inquiry  concerning  physical  causes,  we  are 
relieved  from  one  great  difficulty,  that  of  supposing 
matter  to  act  where  it  is  not.     The  force  of  gravi- 
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titioiii  aeeordhig  to  tbis  system,  is  not  the  action 
of  two  distant  bodies  upon  one  another,  bat  it  is  the 
aetion  of  certain  powers^  diffused  through  all  iqpace, 
winch  may  be  transmitted  to  any  distance.  There 
Aems  to  me,  however,  to  remain  a  difficulty  hardly 
feiBS  tlian  that  from  which  we  appear  to  be  relieved, 
vift.  to  assign  a  reason  why  the  intensity  with  which 
such  powers  act  on  any  body,  should  depend  on  the 
position  and  magnitude  of  all  the  bodies  in  the  uni** 
verse,  and  should  bear  to  these  continually  the  same 
relation.  But,  however  this  be,  the  ingenuity  of 
Dr  Hutton's  reasonings  cannot  be  questioned,  nor, 
I  think,  the  justness  of  many  of  his  condtisiolls. 
His  explanations  of  cohesion,  heat,  fluidity,  deserve 
particular  attention.  In  one  thing,  howeverv  he 
seems  to  have  fallen  into  an  error,  which  runsthrough 
much  of  his  reasoning,  concerning  the  principles  of 
gravitation  and  inertia.  He  affirms,  that  *^  without 
gravity,  a  body  endowed  with  all  the  other  material 
qualities  would  have  no  inertia ;  that  it  would  not 
diminish  the  velocity  of  the  moving  body  by  which 
it  should  be  actuated,  nor  would  it  move  a  heavy 
body  whatever  were  its  velocity."*  Now,  this 
proposition,  though  from  its  nature  it  cannot  be 
brought  to  the  immediate  test  of  experience,  is 
certainly  inconsistent  vnth  the  principles  of  mecha- 
nics ;  at  the  same  time,  it  is  true,  that  we  would 

*  Dissertations,  &c.  p.  312,  §  31. 
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not,  in  the  case  here  supposed,  have  the  same  means 
of  measuring  the  motion  lost,  or  gained  by  eoIH- 
Mon,  which  we  have  in  the  acti^l  state  of  bodies. 
This  is  perhaps  what  misled  Dr  Hutton ;  and 
though  his  remarks  on  the  measures  of  motion  and 
force  are  very  acute,  and  many  of  them  very  just^ 
the  mathematical  reader  will  r^ret  the  want  of 
that  mode  of  reasoning,  which  has  raised  mechanics 
to  so  high  a  rank  among  the  sciences* 

It  is  impossible  not  to  remark  the  affinity  of  this 
theory  with  that  of  the  celebrated  Boscovich,  in 
which,  as  in  this,  all  the  phenomena  of  the  mate- 
rial world  are  explained,  by  the  supposition  of 
forces  variously  modified,  and  without  the  assistance 
of  solid  or  extended  particles.  These  forces  are 
suf^posed  to  be  arranged  round  mathematical  pointSi 
which  are  moveable,  and  act  ofl  one  another  by 
means  of  the  forces  surrounding  them,  A  most 
ingenious  application  of  this  principle  is  made  to  all 
the  usual  researches  of  the  mechanical  philosophy, 
and,  it  must  be  confessed,  that  few  theories  have 
more  beauty  and  simplicity  to  recommend  them,  or 
do  better  assist  the  imagination  in  the  explimation 
of  natural  appearances.  But  it  involves,  in  the 
whole  of  it,  this  great  difficulty,  that  mathematical 
points  are  not  only  capable  of  motion,  but  capable 
of  being  endowed,  or,  at  least,  distinguished,  by 
physical  qualities.  Dr  Hutton,  in  his  theory,  has 
avoided  this  difficulty,  by  giving  no  other  than  a 
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negative  definition  of  the  Matter  which  he  supposes 
the  elementary  principle  of  body.  On  this  accountt 
though  to  the  imagination  his  theory  may  want  the 
charms  which  the  other  possesses,  yet  it  has  the  ad- 
vantage of  going  just  to  the  extent  to  which  our 
perceptions  or  our  observations  authorize  us  to  pro- 
ceedf  and  of  being  accurately  circumscribed  by  the 
limits  pointed  out  by  the  laws  of  philosophical  in- 
duction. * 

*  Though  Boecovich's  Theory  was  published  long  before 
Dr  Hutton's,  so  early,  indeed,  as  the  year  1758,  there  is  no 
reason  to  thiok  that  the  latter  was  in  any  degree  suggested 
by  the  former.  Boscovich's  theory  was  hardly  known  in 
this  country  till  about  the  year  1770^  and  the  first  sketches 
of  Dr  Mutton's  theory  are  of  a  mudi  older  date.  Besides, 
the  method  of  reasoning  pursued  by  the  authors  is  quite  dif« 
ferent ;  and  their  conclusions,  though  alike  in  some  things, 
directly  contrary  in  others,  as  in  what  regards  gravity,  iner-* 
tia,  &c.  The  Monads  of  Leibnitz  might  more  reasonably  be 
supposed  to  have  pointed  out  to  Dr  Hutton  the  necessity  of 
supposing  the  elements  of  body  to  be  unextended,  if  the  ori«^ 
ginality  of  his  own  conceptions,  and  the  little  regard  he  paid 
to  liuthority '  in  matters  of  theory,  did  not  relieve  us  from  the 
necessi^  of  looking  to  others  for  the  sources  of  his  opinions. 

The  principal  defect  of  his  theory  seems  to  me  to  consist 
in  this,  that  it  does  not  state  with  precision  the  difference 
between  the  constitution  of  those  powers  whidi  simply  form 
matter,  and  those  that  form  the  more  complex  substance, 
body.  In  other  words,  it  does  not  explain  what  must  be 
added  to  matter  to  make  it  body.  The  answer  seems  to  me 
to  be,  that  the  addition  of  |i  repelling  power,  in  all  directions. 
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The  existence  of  matter  neither  heavy  nor  inert^ 
which  he  had  taken  so  much  pains  to  establish,  was 
applied  by  him  to  explain  the  phenomena  of  light, 
heat,  and  electricity.  He  considered  all  these  three 
as  modifications  of  the  solar  substance,  and  thought 
that  many  of  the  appearances  they  exhibit,  are  only 
to  be  explained  on  the  supposition  that  they  con- 
fflst  of  an  expansive  force,  of  which  inertness  is  not 
predicable  ;  in  particular*  that  light  is  a  power  pn>- 
pagated  from  the  sun  in  all  directions,  like  gravity, 
with  this  difference,  that  it  is  repulsive,  while  gra-> 
vity  is  attractive,  and  requires  time  for  its  transmis- 
sion,  which  the  latter  does  not,  at  least  in  any  sen« 
sible  quantity.  * 

The  prosecution  of  this  subject  has  led  him  to 
consider  the  nature  of  Phlogiston,  a  substance  (mce 
so  famous  in  chemistry,  but  of  which  the  name  has 
almost  as  entirely  disappeared  from  the  vocabulary 
of  that  science,  as  the  word  Vortex  from  the  lan^ 

18  sufficient  for  thut  purpose.  Such  a  repulsion,  if  stroog 
enough,  would  produce  both  impenetrability  and  inertia. 
The  matter,  again,  that  possessed  only  an  attractive  power, 
like  gravity,  or  a  repulsive  power  only  in  a  certain  direc- 
tion, like  Ughty  would  not  be  inert  nor  impenetrable.  In  this 
inference,  however,  from  his  system,  I  am  not  sure  i^  I 
should  meet  with  the  author's  approbation. 

*  See  Dissertations  V.  and  VI.  on  Matter  and  Motion,  in 
the  work  above  quoted.  The  chemical  Dissertation  on  Phlor 
giston  is  in  the  same  volume,  p.  171. 
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guage  of  physical  astronomy*  Tlie  new  and  im- 
portant experiments  made  on  the  calcination  of 
metals,  and  on  the  composition  of  water,  are,  as  is 
well  known,  the  foundations  of  the  antiphlogistic 
theory.  Nobody  was  more  ^eased  than  Dr  Hut- 
ton  with  these  experiments,  nor  held  in  higher  es- 
timation the  character  and  abiDties  of  the  chemists 
and  philosophers  by  whom  they  were  conducted. 
He  was  nevertheless  of  opinion,  that  the  conclu- 
sions drawn  from  them  are  not  altogether  unex- 
cepticmable,  nor  deduced  with  a  sufficient  attention 
to  every  circumstance.  This  remark  he  thought 
peculiarly  applicable  to  what  regards  the  composi- 
tion of  water,  to  the  phenomena  of  which  experi- 
ment, the  dissertation  we  are  now  speaking  <^  is 
chiefly  directed.  The  two  aeriform  fluids,  it  is 
there  observed,  which  compose  water,  in  order  to 
unite,  must  not  simply  be  brought  together,  for  in 
that  state  they  might  remain  for  ever  unchanged, 
but  they  must  be  set  on  fire,  and  made  to  bum, 
and  from  this  burning  there  are  evidently  two  sub- 
stances which  make  their  escape,  namely.  Light  and 
Heat.  Though,  therefore,  the  weight  of  the  wa- 
ter generated,  and  of  the  gases  combined,  may  be 
admitted  to  be  equal,  yet  it  must  be  admowledged 
that  two  substances  are  lost,  which  the  chemist 
cannot  confine  in  his  closest  vessel,  nor  weigh  in 
his  finest  bahmce,  and  it  is  going  much  farther  than 
we  are  authorized  to  do,  either  by  experiment  or 
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analogjy  to  conclude  that  these  substances  have  had 
no  eflfect.  As  heat  and  light,  in  Dr  Mutton's  sys- 
tenii  are  composed  of  that  matter  which  does  not 
gravitate,  the  exact  coincidence  which  M.  Lavoi* 
sier  observed  between  the  weight  of  the  water  pro- 
duced and  that  of  the  two  elastic  fluids,  united  in 
die  composition  of  it,  was  no  argument,  in  his  eyes, 
against  the  escape  of  a  very  essential  part  of  the  in^ 
gredients. 

Pursuing  the  same  reasoning,  he  shows  how  lit- 
tle ground  there  is  to  suppose  that  the  heat  and 
light  evolved  in  this  experiment  proceed  from  the 
vital  air ;  and  he  concludes,  that  the  Teal  explana- 
ticm  of  the  process  is,  that  by  bumii^,  the'^matter 
of  light  and  heat,  or  the  phlogistcm  of  the  hydro- 
genous gas,  is  set  at  liberty,  and  is  thus  enabled  to 
unite  with  the  vital  air. 

In  the  same  manner,  on  examining  what  relates 
to  the  burning  of  inflammable  bodies,  he  finds  the 
oxygenous  gas  unequal  to  the  eflPect  of  furnishing 
by  its  latent  heat,  or  caloric,  the  whole  of  the  sen- 
sible heat  that  is  produced.  He  concludes,  there- 
fore, that  the  hypothesis  of  the  existence  of  phlo- 
giston  in  those  bodies  that  are  termed  inflamma- 
ble, is  necessity  to  account  for  the  phenomena  of 
burning ;  phenomena,  as  he  justly  remarks,  which 
are  among  the  most  curious  and  important  of  any 
that  are  exhibited  by  the  material  world.  On  the 
whole,  it  cannot  be  doubted,  that  great  ingenuity 
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and  much  sound  argument  are  displayed  through- 
out the  whole  of  this  dissertation,  and  that  what- 
ever be  ultimately  decided  with  regiurd  to  the  prin- 
ciple for  which  the  author  so  strenuously  contends, 
he  has  made  it  evident,  that  the  conclusions  of  the 
antiphlogistic  theory  have  been  drawn  with  too 
much  precipitancy,  and  carried  farther  than  is  war- 
ranted by  the  strict  rules  of  inductive  philosophy. 

The  subject  of  Fire,  Light,  and  Heat,  was  re- 
sumed by  Dr  Hutton  several  years  after  this  pe- 
riod, and  formed  the  subject  of  a  series  of  pi^ra 
which  he  read  in  the  Royal  Sodety  of  Edinburgh, 
and  afterwards  published  separately.  He  there  ex- 
plains more  fully  his  notion  of  the  substances  just 
mentioned,  which  he  considers  as  different  modifi« 
cations  of  the  solar  matter,  alike  destitute  of  inert- 
ness and  of  gravity. 

A  more  voluminous  work  from  Dr  Hutton's  pen 
made  its  appearance  soon  after  the  Physical  Disser- 
tations, viz.  An  Investigation  of  the  Principles 
of  Knowledge,  and  of  the  Progress  of  Reason  from 
Sense  to  Science  and  Philosophy,  in  three  volumes 
quarto. 

He  informs  us  himself  of  the  train  of  thought  by 
which  he  was  led  to  the  metaphysical  speculations 
contained  in  these  volumes.  He  had  satisfied  him- 
self, by  his  physical  investigations,  that  body  is  not 
what  it  is  conceived  by  us  to  be,  a  thing  necessarily 
possessing  volume,  figure,  and  impenetrability,  but 
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merely  an  assemblage  of  powers,  that  by  their  ac- 
tion produce  in  us  the  ideas  of  these  external  qua- 
lities. His  curiosity,  therefore,  was  naturally  ex- 
cited to  inquire  farther  into  the  manner  in  which 
we  form  our  conceptions  of  body,  or  into  the  nature 
of  the  intercourse  which  the  mind  holds  with  those 
things  that  exist  without  it.  In  pursuing  this 
inquiry,  he  soon  became  convinced,  that  magnitude, 
figure,  and  impenetrability,  are  no  otherwise  per- 
ceived by  the  mind  than  colour,  taste,  and  smell ; 
that  is,  that  what  are  called  the  primary  qualities  of 
body,  are  precisely  on  the  same  footing  with  the  se- 
condary, and  are  both  conceptions  of  the  mind, 
which  can  have  no  resemblance  to  the  external 
cause  by  which  those  conceptions  are  produced. 
The  world,  therefore,  as  conceived  by  us,  is  the 
creation  of  the  mind  itself,  but  of  the  mind  acted 
on  from  without,  and  receiving  information  from 
some  external  power.  But  though,  according  to 
this  reasoning,  there  be  no  resemblance  between 
the  world  without  us,  and  the  notions  that  we 
form  of  it,  though  magnitude  and  figure,  though 
space,  time,  and  motion,  have  no  existence  but 
in  the  mind ;  yet  our  perceptions  being  consistent, 
and  regulated  by  constant  and  uniform  laws,  are  as 
much  realities  to  ns,  as  if  they  were  the  exact 
copies  of  things  really  existing ;  they  equally  inter- 
est our  happiness,  and  must  equally  determine  our 
conduct.     Tliey  form  a  system,  not  dependent  on 
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the  mind  alone,  but  dependent  on  the  action  which 
certain  external  causes  have  bpon  it.  The  whole 
doctrine,  therefore,  of  moral  obligation,  remains  th^ 
same  in  this  system,  and  in  that  which  maintains 
the  perfect  resemblance  of  our  ideas  to  the  causes 
by  which  they  are  produced. 

Many  philosophers  have  regarded  our  ideas 
as  very  imperfect  representaticms  of  external  things ; 
but  Dr  Hutton  considers  their  perfect  dissimilitude 
as  completely  proved.  Plato  has  likened  the  mind 
to  an  eye,  so  situated,  as  to  see  nothing  but  the 
faint  images  of  objects  projected  on  the  bottom  of  a 
dark  cave,  while  the  objects  themselves  are  entirely 
concealed  ;  but  he  thinks,  that  by  help  of  philoso- 
phy, the  mental  eye  may  be  directed  toward  the 
mouth  of  the  cave,  and  may  perceive  the  ol^ects  in 
their  true  figure  and  dimensions.  But,  with  Dr 
Hutton,  the  figures  seen  at  the  bottom  of  the  cave 
have  no  resemblance  to  the  originals  without ;  nor 
can  man,  by  any  contrivance,  hold  communication 
with  those  originals,  nor  ever  know  any  thing 
about  them,  except  that  they  are  not  what  they 
seem  to  be,  and  have  no  property  in  common  with 
the  figures  which  denote  their  existence.  In  a 
word,  external  things,  are  no  more  like  the  percep^ 
tions  they  give  rise  to,  than  wine  is  similar  to  intox- 
ication, or  opium  to  the  delirium  which  it  prop- 
duces. 
•    It  has  been  already  remarked^  th^t  this  system. 


OF  DR  JAMBS  HUTTON*  9^ 

however  peculiar  ia  other  respects^  involves  in 
it  the  same  principles  of  morals  with  those  more 
generally  received ;  and  the  same  may  be  said  as  to 
the  existence  of  God,  and  the  immortality  of  the 
souL  The  view  which  it  presents  of  the  latter 
doctrine  deserves  particularly  to  be  remarked* 
Death  is  not  regarded  here  as  the  dissolution  of  a 
connection  between  mind  and  that  system  of  mate* 
rial  organs,  by  means  of  which  it  communicated 
with  the  external  world,  but  merely  as  an  effect  of 
the  mind's  ceasing  to  perceive  a  particular  order  or 
class  of  things ;  it  is  therefore  only  the  termination 
of  a  certain  mode  of  thought ;  and  the  extinction, 
not  of  any  mental  power,  but  of  a  train  of  concept 
Uons,  which,  in  consequence  of  external  impulsei 
had  existed  in  the  mind.  Thus,  as  nothing  essen- 
tial to  intellectual  power  perishes,  we  are  to  consi- 
der death  only  as  a  passage  from  one  condition  of 
thought  to  another ;  and  hence  this  system  appear- 
ed, to  the  author  of  it,  to  afford  a  stronger  argu^ 
ment  than  any  other,  for  the  existence  of  the 
mind  after  death* 

Indeed,  Dr  Hutton  has  taken  great  pains  to  de- 
duce from  his  system,  in  a  regular  manner,  the  lead** 
ing  doctrines  of  morality  and  natural  religion^  hav- 
ing dedicated  the  third  volume  of  his  book  ahnost 
wholly  to  that  object.  It  is  worthy  of  remark,  that 
while  he  is  thus  employed,  his  style  assumes  a  bet- 
ter tone,  and  a  much  greater  degree  of  perspicuity. 
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than  it  usually  possesses.  Many  instances  might  be 
pointed  out,  where  the  warmth  of  his  benevolent 
and  moral  feelings  bursts  through  the  clouds  that 
so  often  veil  from  us  the  clearest  ideas  of  his  under- 
standing. One,  in  particular,  deserves  notice,  in 
which  he  treats  of  the  importance  of  the  female 
character  to  society  in  a  state  of  high  civilization.  * 
A  felicity  of  expression,  and  a  flow  of  natural  elo- 
quence, inspired  by  so  interesting  a  subject,  make 
us  regret  that  his  pen  did  not  more  frequently  do 
justice  to  his  thoughts. 

The  metaphysical  theory,  of  which  the  outline 
(though  very  imperfectly)  has  now  been  traced,  can- 
not fail  to  recal  the  opinions  maintained  by  Dr 
Berkeley  concerning  the  existence  of  matter.  The 
two  systems  do  indeed  agree  in  one  material  point, 
but  differ  essentially  in  the  rest.  They  agree  in 
maintaining,  that  the  conceptions  of  the  mind  are 
not  copied  from  things  of  the  same  kind  existing 
without  it ;  but  they  differ  in  this,  that  Dr  Berke- 
ley imagined  that  there  is  nothing  at  all  external, 
and  that  it  is  by  the  direct  agency  of  the  Deity  that 
sensation  and  perception  are  produced  in  the  mind. 
Dr  Hutton  holds,  on  the  other  hand,  that  there  is 
an  external  existence,  from  which  the  mind  receives 
its  information,  and  by  the  action  of  which  impres- 

*  Investigation  of  the  Principles  of  Knowledge^  Vol.  III. 

If 
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aions  are  made  on  it ;  but  impressions  that  do  not 
at  all  resemble  the  powers  by  which  they  are  caused. 
The  reasonings,  also,  by  which  the  two  theories 
are  supported,  are  very  dissimilar,  though  perhaps 
they  so  far  agree,  that  if  Dr  Berkeley  had  been  bet- 
ter acquainted  with  physics,  and  had  made  it  more 
a  rule  to  exclude  all  hypothesis,  he  would  have  ar- 
rived precisely  at  the  same  conclusion  with  Dr  Hut- 
ton.  Indeed,  I  cannot  help  being  of  opinion,  that 
every  one  will  do  so,  who,  in  investigating  the  ori- 
gin of  our  perceptions,  determines  to  reason  without 
assuming  any  hypothesis,  and  without  taking  for 
granted  any  of  those  maxims  which  the  mind  is 
diqx)6ed  to  receive,  either,  as  some  philosophers 
say,  from  habit,  or,  as  others  maintain,  from  an  in- 
stinctive determination,  (such  as  has  been  termed 
common  sense^J  that  admits  of  no  analysis.  Though 
this  may  not  be  the  kind  of  reasoning  best  suited  to 
the  subject,  yet  it  is  so  analogous  to  what  succeeds 
in  other  cases,  that  it  is  good  to  have  an  example  of 
it,  and,  on  that  account,  were  it  for  nothing  else, 
the  theory  we  are  now  speaking  of  certainly  merits 
more  attention  than  it  has  yet  met  with.  *  The 
great  size  of  the  book,  and  the  obscurity  which  may 

*  I  have  hardly  found  this  work  of  Dr  Mutton's  quoted 
by  any  writer  of  eminence,  except  by  Dr  Parr,  in  his  Spital 
Sermon,  a  tract  no  less  remarkable  for  learning  and  acute- 
ness,  than  for  the  liberality  and  candour  of  the  sentiments 
which  it  oontahis. 

VOL.  IV,  O 
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justly  be  objected  to  many  parts  of  it,  have  probably 
prevented  it  from  being  received  as  it  deserves,  even 
among  those  who  are  conversant  with  abstract  spe- 
culation. An  abridgment  of  it,  judiciously  exe- 
cuted, so  as  to  state  the  argument  in  a  manner  both 
perspicuous  and  concise,  would,  I  am  persuaded, 
make  a  valuable  addition  to  metaphysical  science. 

The  publication  of  this  work  was  Dr  Hutton's 
occupation  on  his  recovery  from  a  severe  illness, 
with  which  he  was  seized  in  summer  1793.  Before 
this  time  he  had  enjoyed  a  long  continuance  of 
good  health,  and  great  activity  both  of  body  and 
mind.  The  disorder  that  now  attacked  him  (a  re- 
tention of  urine)  was  one  of  those  that  most  imme- 
diately threaten  life,  and  he  was  preserved  only  by 
submitting  to  a  dangerous  and  painful  operation. 
He  was  thus  reduced  to  a  state  of  great  weakness, 
and  was  confined  to  his  room  for  many  months. 
By  degrees,  however,  the  goodness  of  his  constitu- 
tion, aided,  no  doubt,  by  the  vigour  and  elasticity 
of  his  mind,  restored  him  to  a  considerable  measure 
of  health,  and  rendered  his  recovery  much  more 
complete  than  could  have  been  expected.  One  of 
his  amusements,  when  he  had  i^egained  some  tole- 
rable degree  of  strength,  was  in  superintending  the 
publication,  and  correcting  the  proof-sheets,  of  the 
work  just  mentioned. 

During  his  convalescence,  his  activity  was  farther 
called  into  exertion,  by  an  attack  on  his  Theory  of^ 
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the  Earth,  made  by  Mr  Kirwan,  in  the  Memoirs 
of  the  Irish  Academy,  *  and  rendered  formidable, 
not  by  the  strength  of  the  arguments  it  employed, 
but  by  the  name  of  the  author,  the  heavy  chaises 
which  it  brought  forward,  and  the  gross  mbcon- 
ceptions  in  which  it  abounded,  t 

Before  this  period,  though  Dr  Hutton  had  been 
often  urged  by  his  friends  to  publish  his  entire 
work  on  the  Theory  of  the  Earth,  he  had  con- 

*  This  was  not  the  first  attack  which  had  been  made  on 
his  theory,  for  M.  de  Luc,  in  a  series  of  letters,  inserted  in 
the  Monthly  Review  for  1790  and  1791^  had  combated  seve- 
ral of  the  leading  opinions  contained  in  it.     To  these  Dr 
Hutton  made  no  other  reply,  than  is  to  be  met  with  occa^ 
sionaUy  in  the  enlarged  edition  of  his  Theory,  published 
four  years  afterwards.     If  I  do  not  mistake,  however,  he  in- 
tended a  more  particidar  answer,  and  actually  sent  one  to 
the  editors  of  the  same  Review,  who  refused  to  insert  it. 
This,  indeed,  I  do  not  state  with  perfect  confidence,  as  I 
speak  only  from  recollection,  and  would  not,  on  that  autho- 
rity, bring  a  positive  charge  of  partiality  against  men  who 
exercise  a  profession  in  which  impartiality  is  the  first  requi- 
site.    Supposing,  however,  the  statement  here  given  to  be 
correct,  an  excuse  is  still  left  for  the  Reviewers ;  they  may 
say,  that,  in  communicating  original  papers,  as  they  do  not 
ftct  in  their  judicial  capacity,  they  are  not  bound  to  dispense 
justice  with  their  usual  blindness  and  severity,  but  may  be 
permitted  to  relax  a  little  from  the  exercise  of  a  virtue  that  is 
80  often  left  to  be  its  own  reward. 

t  For  a  defence  of  Dr  Hutton  against  the  charges  here 
alluded  to,  I  must  take  the  liberty  of  referring  to  the  Illils-^ 
rations  of  the  Huttonian  Theory^  p.  119  and  125. 
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tinually  put  off  the  pubficationy  and  there  seemed 
to  be  some  danger  that  it  would  not  take  place  in 
his  own  life  time.  The  very  day,  however,  after 
Mr  Kirwan's  paper  was  put  into  his  hands,  he  ber 
gan  the  revisal  of  his  manuscript,  and  resolved  im* 
mediately  to  send  it  to  the  press.  Tlie  reason  he 
gave  was,  that  Mr  Kirwan  had  in  so  many  instances 
completely  mistaken,  both  the  facts,  and  the  rea» 
sonings  in  his  Theory,  that  he  saw  the  necessity  of 
laying  before  the  world  a  more  ample  explanation 
of  them.  The  work  was  accordingly  published,  in 
two  volumes  octavo,  in  179^ ;  and  contained,  be- 
sides what  was  formerly  given  in  the  Edinburgh 
Transactions,  the  proofs  and.  reasonings  much  more 
in  detail,  and  a  much  fuller  application  of  the  prin- 
ciples-to  the  explanation  of  appearances.  The  two 
volumes,  however,  then  published,  do  not  complete 
the  theory :  a  third,  necessary  for  that  purpose,  re- 
mained behind,  and  is  still  in  manuscript. 

After  the  publication  of  the  work  just  mention- 
ed, he  began  to  prepare  another  for  the  press,  on  a 
subject  which  had  early  occupied  his  thoughts,  and 
had  been  at  no  time  of  his  life  entirely  neglected. 
This  subject  was  husbandry,  on  which  he  had  writ- 
ten a  great  deal,  the  fruit  both  of  his  reading  and 
experience ;  and  he  now  proposed  to  reduce  the 
whole  into  a  systematic  form,  under  the  title  of 
Elements  of  Agriculture.  This  work,  which  he 
nearly  completed,  remains  in  manuscript.     It  is 
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written  with  considerable  perspicuity  ;  and  though 
I  can  judge  but  very  imperfectly  of  its  meritSy  I 
can  venture  to  say,  that  it  contains  a  great  deal  of 
solid  and  practical  knowledge,  without  any  of  the 
vague  and  unphilosophic  theory  so  common  in  books 
on  the  same  subject.  In  particular,  I  must  oh* 
serve,  that  where  it  treats  of  climate,  and  the  in# 
fluence  of  heat,  in  accelerating  the  maturity  of 
plants,  it  furnishes  several  views  that  appear  to  be 
perfectly  new,  and  that  are  certainly  highly  in* 
teresting. 

The  period,  however,  was  now  not  far  distant* 
which  was  to  terminate  the  exertions  of  a  mind  of 
such  singular  activity,  and  of  such  ardour  in  the 
pursuit  of  knowledge.     Not  long  after  the  time  we 
are  qpeaking  of,  Dr  Hutton  was  again  attacked  by 
the  same  disorder  from  which  he  had  already  made 
so  remarkable  a  recovery.     He  was  again  saved 
from  the  danger  that  immediately  threatened  him, 
but  his  constitution  had  materially  suffered,  and 
nothing  could  restore  him  to  his  former  strength. 
He  recovered,  indeed,  so  far  as  to  amuse  himself 
with  study,  and  with  the  conversation  of  his  friends, 
and  even  to  go  on  with  the  work  on  agriculture^ 
which  was  nearly  completed.     He  was,  however^ 
confined  entirely  to  the  house  ;  and  in  the  course 
of  the  winter  1796-7f  be  became  gradually  weaker, 
was  extremely  emaciated,  and  suffered  much  pain^ 
but  still  retained  the  full  activity  and  acuteness  oC 
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his  mind.  He  constantly  employed  himself  in 
reading  and  writing,  and  was  particularly  pleased 
with  the  third  and  fourth  volumes  of  Saussure's 
Voyages  aux  Alpes,  which  reached  him  in  the 
course  of  that  winter,  and  became  the  last  study  of 
one  eminent  geologist,  as  they  were  the  last  work 
of  another.  On  Saturday  the  26th  of  March  he 
suffered  a  good  deal  of  pain ;  but,  nevertheless, 
employed  himself  in  writing,  and  particularly  in 
noting  down  his  remarks  on  some  attempts  which 
were  then  making  towards  a  new  mineral(^ical  no- 
menclature. In  the  evening  he  was  seized  with  a 
shivering,  and  his  uneasiness  continuing  to  increasct 
he  seflt  for  his  friend  Mr  Russell,  who  attended 
him  as  his  surgeon.  Before  he  could  possibly  ar- 
rive, all  medical  assistance  was  in  vain :  Dr  Hut- 
ton  had  just  strength  left  to  stretch  out  his  hand  to 
him,  and  immediately  expired* 


Dr  Hutton  possessed,  in  an  eminent  degree, 
the  talents,  the  acquirements,  and  the  temper, 
which  entitle  a  man  to  the  name  of  a  philosopher. 
The  directito  of  his  studies,  though  in  some 
respects  irregular  and  uncommon,  had  been  highly 
favourable  to  the  developement  of  his  natural  pow- 
ers, especially  of  that  quick  penetration,  and  that 
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originality  of  thought,  which  strongly  marked  his 
intellectual  character.  From  his  first  outset  in 
science,  he  had  pursued  the  track  of  experiment 
and  observation,  and  it  was  not  tiil  after  being  long 
exercised  in  this  school,  that  he  entered  on  the 
field  of  general  and  abstract  speculation.  He  com- 
bined accordingly,  through  his  whole  life,  the 
powers  of  an  accurate  observer,  and  of  a  sagacious 
theorist,  and  was  as  cautious  and  patient  in  the 
former  character,  as  he  was  bold  and  rapid  in 
the  latter. 

Long  and  continued  practice  had  increased  his 
powers  of  observation  to  a  high  degree  of  per- 
fection; so  that,  in  discriminating  mineral  sub- 
stances, and  in  seizing  the  affinities  or  differences 
among  geological  appearances,  he  had  an  acuteness 
hardly  to  be  excelled.  The  eulogy  so  happily  con« 
veyed  in  the  Italian  phrase  of  osservatore  oculatis^ 
simoy  might  most  justly  be  applied  to  him ;  for, 
with  an  accurate  eye  for  perceiving  the  characters 
of  natural  objects,  he  had  in  equal  perfection  the 
power  of  interpreting  their  signification,  and  of 
decyphering  those  ancient  hieroglyphics  which  re- 
cord the  revolutions  of  the  globe.  There  may 
have  been  other  mineralogists,  who  could  describe 
as  well  the  fracture,  the  figure,  the  smell,  or  the 
colour  of  a  specimen ;  but  there  have  been  few  who 
equalled  him  in  reading  the  characters,  which  tell 
not  only  what  a  fossil  is^  but  what  it  has  been,  and 
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declare  the  series  of  changes  through  which  it  has 
passed.     His  expertness  in  this  art,  the  fineness  of 
his  observations,  and  the  ingenuity  of  his  reason- 
ings,  were  truly  admirable.     It  would,  I  am  per- 
suaded, be  difficult  to  find  in  any  of  the  sciences  a 
better  illustration  of  the  profound  maxims  establish- 
ed by  Bacon,  in  his  Prerogativse   Instantiarum, 
than  were  often  afforded  by  Dr  Hutton's  mineralo- 
gical  disquisitions,  when  he  exhibited  his  speci- 
mens, and  discoursed  on  them  with  his  friends. 
No  one  could  better  apply  the  luminous  instances 
to  elucidate  the  obscure,  the  decisive  to  interpret 
the  doubtful,  or  the  simple  to  unravel  the  complex. 
None  was  more  skilful  in  marking  the  gradations  of 
nature,  as  she  passes  from  one  extreme  to  another ; 
more  diligent  in  observing  the  continuity  of  her 
proceedings,  or  more  sagacious  in  tracing  her  foot- 
steps, even  where  they  were  most  lightly  impressed. 
With  him,  therefore,  mineralogy  was  not  a  mere 
study  of  names  and  external  characters,  (though 
he  was  singularly  well  versed  in  that  study  also,) 
but  it  was  a  sublime  and  important  branch  of  phy- 
sical science,  which  had  for  its  object  to  unfold  the 
connection  between  the  past,  the  present,  and  the 
future  conditions  of  the  globe.     Accordingly,  hi^ 
collection  of  fossils  was  formed  for  explaining  the 
principles  of  geology,  and  for  illustrating  the  chang- 
es which  mineral  substances  have  gone  through,  in 
the  passage  which,  according  to  all  theories,  they 
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have  made,  from  a  soft  or  fluid,  to  a  hard  and  solid 
state,  and  from  immersion  under  the  ocean,  to  ele-^ 
vation  above  its  surface.  The  series  of  these 
changes,  and  the  relative  antiquity  of  the  diflPerent 
steps  by  which  they  have  been  effected,  were 
the  objects  which  he  had  in  view  to  explain ;  and 
his  cabinet,  though  well  adi^ed  to  this  end,  with 
regard  to  other  purposes  was  very  imperfect.  They 
who  expect  to  find,  in  a  collection,  specimens  of  all 
the  species,  and  all  the  varieties,  into  which  a  sys* 
tem  of  artificial  arrangement  may  have  divided  the 
fossil  kingdom,  will  perhaps  turn  fastidiously  from 
one  that  is  not  remarkable  either  for  the  number  gr 
brilliancy  of  the  objects  contained  in  it.  They,  on 
the  other  hand,  will  think  it  highly  interesting, 
who  wish  to  reason  concerning  the  natural  history 
of  minerals,  and  who  are  not  less  eager  to  become 
acquainted  with  the  laws  that  govern,  than  with  the 
individuals  that  compose,  the  fossil  kingdom. 

The  loss  sustained  by  the  death  of  Dr  Hutton 
was  aggravated,  to  those  who  knew  him,  by  the 
consideration  of  how  much  of  his  knowledge  had 
perished  with  himself,  and,  notwithstanding  all 
that  he  had  written,  how  much  of  the  light  collect- 
ed by  a  long  life  of  experience  and  observation,  was 
now  completely  extinguished.  It  is  indeed  melan- 
chdy  to  reflect,  that  with  all  who  make  proficiency 
in  the  sciences  founded  on  nice  and  delicate  obser- 
vation, something  of  this  sort  must  unavoidably 
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happen.  The  experienced  eye,  the  power  of  per- 
eeiving  the  minute  differences,  and  fine  analogies, 
which  discriminate  or  unite  the  objects  of  science ; 
and  the  rieadiness  of  comparing  new  phenomena 
with  others  already  treasured  up  in  the  mind; 
these  are  accomplishments  which  no  rules  can 
teach,  and  no  precepts  can  put  us  in  possession  of. 
This  is  a  portion  of  knowledge  which  every  man 
must  acquire  for  himself,  and  which  nobody  can 
leave  as  an  inheritance  to  his  successor.  It  seems, 
indeed,  as  if  nature  had  in  this  instance  admitted 
an  exception  to  the  rule,  by  which  she  has  ordain- 
ed the  perpetual  accumulation  of  knowledge  among 
civilized  men,  and  had  destined  a  considerable 
portion  of  science  continually  to  grow  up  and 
perish  with  the  individual. 

A  circumstance  which  greatly  distinguished  the 
intellectual  character  of  the  philosopher  of  whom 
we  now  speak,  was  an  uncommon  activity  and 
ardour  of  mind,  upheld  by  the  greatest  admiration 
of  whatever  in  science  was  new,  beautiful,  or  su- 
blime. The  acquisitions  of  fortune,  and  the  en- 
joyments which  most  directly  address  the  senses,  do 
not  call  up  more  lively  expressions  of  joy  in  other 
men,  than  hearing  of  a  new  invention,  or  being 
made  acquainted  with  a  new  truth,  would,  at  any 
time,  do  in  Dr  Hutton.  This  sensibility  to  intel- 
lectual pleasure  was  not  confined  to  a  few  objects, 
nor  to  the  sciences  which  he  particularly  cultivatr 
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ed :  he  would  rejoice  ovet  Watt's  improvements  on 
the  steam-engine,  or  Cook's  discoveries  in  the 
South  Sea,  with  all  the  warmth  of  a  man  who  was 
to  share  in  the  honour  or  the  profit  about  to 
accrue  from  them.  The  fire  of  his  expression,  on 
sach  occasions,  and  the  animation  of  his  coun- 
tenance and  manner,  are  not  to  be  described ;  they 
were  always  seen  with  great  delight  by  those  who 
could  enter  into  his  sentiments,  and  often  with 
great  astonishment  by  those  who  could  not. 

With  this  exquisite  relish  for  whatever  is  beauti- 
ful and  sublime  in  science,  we  may  easily  conceive 
what  pleasure  he  derived  from  his  own  geological 
speculations.  The  npvelty  and  grandeur  of  the 
objects  offered  by  them  to  the  imagination,  the 
simple  and  uniform  order  given  to  the  whole  natu- 
ral history  of  the  earth,  and,  above  all,  the  views 
opened  of  the  wisdom  that  governs  nature,  are 
things  to  which  hardly  any  man  could  be  insensi- 
ble ;  but  to  him  they  were  matter,  not  of  transient 
delight,  but  of  solid  and  permanent  happiness. 
Few  systems,  indeed,  were  better  calculated  than 
his,  to  entertain  their  author  with  such  noble  and 
magnificent  prospects;  and  no  author  was  ever 
more  disposed  to  consider  the  enjoyment  of  them, 
as  the  full  and  adequate  reward  of  his  labours. 

The  great  range  which  he  had  taken  in  science 
has  sufficiently  appeared,  from  the  account  already 
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given  of  his  works.  ^  There  were  indeed  hardty 
any  sciences,  except  the  mathcimadcal,  to  which  he 
had  not  turned  his  attention;  and  his  n^lect 
of  these  probably  arose  from  diis,  that,  at  the  time 
when  his  acquaintance  with  them  should  have 
commenced,  his  love  of  knowledge  had  already  fix* 
ed  itself  on  other  objects.  The  aptitude  of  his 
mind  for  geometrical  reasoning  was,  however, 
proved  on  many  occasions.  His  theory  of  rain 
rests  on  mathematical  principles,  and  the  conclu- 
sions deduced  from  them  are  perfectly  accurate, 
though  by  no  means  obvious.  I  may  add,  that  he 
had  an  uncommon  facility  in  comprehending  the 
nature  of  mechanical  contrivances ;  and,  for  one 
who  was  not  a  practical  engineer,  could  form, 
beforehand,  a  very  sound  judgment  concerning 
their  effects. 

Notwithstanding  a  taste  for  such  various  infbr- 

*  He  had  studied  with  great  care  several  subjects  of  whidi 
no  mention  is  made  above.  One  of  these  was  the  Formation, 
or^  as  we  may  rather  call  it,  the  Natural  History  of  Language. 
A  portion  of  his  metaphysical  work  is  dedicated  to  the  Theory 
of  Language,  Vol.  L  p.  574,  &c. ;  and  Vol.  H.  p.  624,  &c. 
He  read  several  very  ingenious  papers  on  the  Written  Lan- 
guage, in  the  Royal  Society  of  Edinburgh.  (See  Trans- 
actions of  the  Royal  Society  of  Edinburgh,  VoL  H.  Hist 
p.  5,  &C.  The  Chinese  language,  as  an  extreme  case  in  the 
invention  of  writing,  had  greatly  occupied  his  thoughts,  and 
{s  the  subject  of  several  of  his  manuscripts. 
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mation,  and  a  mind  of  such  constant  activity,  he 
read  but  few  speculative  books,  directing  his  atten- 
tion chiefly  to  such  as  furnished  the  materials  of 
speculation*  Of  voyages,  travels,  and  books  re- 
lating to  the  natural  history  of  the  earth,  he  had 
an  extensive  knowledge  :  he  had  studied  them  with 
that  critical  discussion  which  such  books  require 
above  all  others ;  carefully  collecting  from  them 
the  facts  that  appeared  accurate,  and  correcting  the 
narratives  that  were  imperfect,  either  by  a  compa- 
rison with  one  another,  or  by  applying  to  them  the 
standard  of  probability  which  his  own  observation 
and  judgment  had  furnished  him  with.  On  the 
other  hand,  he  bestowed  but  little  attention  on 
books  of  opinion  and  theory  ;  and  while  he  trusted 
to  the  efforts  of  his  mind  for  digesting  the  facts  he 
had  obtained  from  reading  or  experience,  into  a 
system  of  his  own,  he  was  not  very  anxious,  at 
least  till  that  was  accomplished,  to  be  informed  of 
the  views  which  other  philosophers  had  taken  of 
the  same  subject*  He  was  but  little  disposed  to 
concede  any  thing  to  mere  authority ;  and  to  his 
indifference  about  the  opinions  of  former  theorists, 
it  is  probable  that  his  own  speculations  owed  some 
part,  both  of  their  excellencies  and  their  defects. 

As  he  was  indefatigable  in  study,  and  was  in  the 
habit  of  using  his  pen  continually  as  an  instrument 
of  thought,  he  wrote  a  great  deal,  and  has  lefl  be- 
hind him  an  incredible  quantity  of  manuscript. 
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though  imperfect,  and  never  intended  for  the  press. 
Indeed^  his  manner  of  life,  at  least  after  he  left  off 
the  occupations  of  husbandry,  gave  him  such  a 
command  of  his  time,  as  is  enjoyed  by  very  few. 
Though  be  used  to  rise  late,  he  began  imnjediately 
to  study,  and  generally  continued  busy  till  dinner. 
He  dined  early,  almost  always  at  home,  and  pass- 
ed very  little  time  at  table ;  for  he  ate  sparingly, 
and  drank  no  wine.  After  dinner  he  resumed  his 
studies,  or,  if  the  weather  was  fine,  walked  for  two 
or  three  hours,  when  he  could  not  be  said  to  give 
up  study,  though  he  might,  perhaps,  change  the 
object  of  it.  The  evening  he  always  spent,  in  the 
society  of  his  friends.  No  professional,  and  rarely 
any  domestic  arrangements,  interrupted  this  uni- 
form course  of  life,  so  that  his  time  was  wholly  di- 
vided between  the  pursuits  of  science  and  the  con- 
versation of  his  friends,  unless  when  he  travelled 
from  home  on  some  excursion,  from  which  he  never 
failed  to  return  furnished  with  new  materials  for 
geological  investigation. 

To  his  friends  his  conversation  was  inestimable  ; 
as  gi*eat  talents,  the  most  perfect  candour,  and  the 
utmost  simplicity  of  character  and  manners,  all 
united  to  stamp  a  value  upon  it.  He  had,  indeed, 
that  genuine  simplicity,  originating  in  the  absence 
of  all  selfishness  and  vanity,  by  which  a  man  loses 
sight  of  himself  altogether,  and  neither  conceals 
what  is,  nor  affects  what  is  not.     This  simplicity 
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pen^aded  his  whole  conduct ;  while  his  manner, 
which  was  peculiar,  but  highly  pleasing,  displayed 
a  degree  of  vivacity  hardly  ever  to  be  found  among 
men  of  profound  and  abstract  speculation*  His 
great  liveliness,  added  to  this  aptness  to  lose  sight 
of  himself,  would  sometimes  lead  him  into  little  ec- 
centricities, that  formed  an  amusing  contrast  with 
the  graver  habits  of  a  philosophic  life. 

Though  extreme  simplicity  of  manner  does  not 
unfrequently  impart  a  degree  ol'  feebleness  to  the 
expression  of  thought,  the  contrary  was  ti-ue  of  Dr 
Hutton.  His  conversation  was  extremely  animat- 
ed and  forcible,  and,  whether  serious  or  gay,  full  of 
ingenious  and  original  observation.  Great  informa- 
tion^  and  an  excellent  memory,  supplied  an  inex- 
haustible fund  of  illustration,  always  happily  intro- 
duced, and  in  which,  when  the  subject  admitted  of 
it,  the  witty  and  the  ludicrous  never  failed  to  occu- 
py a  considerable  place. — But  it  is  impossible,  by 
words,  to  convey  any  idea  of  the  effect  of  his  con- 
versation, and  of  the  impression  made  by  so  much 
philosophy,  gaiety,  and  humour,  accompanied  by  a 
manner  at  once  so  animated  and  so  simple.  Things 
are  made  known  only  by  comparison,  and  that 
which  is  unique  admits  of  no  description. 

The  whole  exterior  of  Dr  Hutton  was  calculated 
to  heighten  the  effect  which  his  conversation  pro- 
duced. His  figure  was  slender,  but  indicated  ac- 
tivity ;  while  a  thin  countenance,  a  high  forehead. 
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md  a  nose  somewhat  aquiline^  bec^ke  extramtli- 
nary  acuteness  and  vigour  of  mind.  His  eye  was 
penetrating  and  keen,  but  full  of  gentleness  and 
benignity  ^  and  even  his  dress,  plain,  and  all  of 
<me  colour,  was  in  perfect  harmony  with  the  rest  of 
the  picture,  and  seemed  to  give  a  fuller  reUef  to 
fts  characteristic  features.  * 

The  friendship  that  subsisted  between  him  and 
Dr  Black  has  been  already  mentioned,  and  was  in- 
deed a  distinguishing  circumstance  in  the  life  and 
character  of  both.  There  was  in  these  two  excel- 
lent men  that  similarity  of  disposition  which  must 
be  the  foundation  of  all  friendship,  and,  at  the  same 
time,  that  degree  of  diversity,  which  seems  neces- 
sary to  give  to  friends  the  highest  relish  for  the  so- 
ciety of  one  another. 

They  both  cultivated  nearly  the  same  branches  of 
physics,  and  entertained  concerning  them  nearly 
the  same  opinions.  They  were  both  formed  with  a 
taste  for  what  is  beautiful  and  great  in  science ; 
with  minds  inventive,  and  fertile  in  new  combina- 
tions. Both  possessed  manners  of  the  most  genuine 
simplicity,  and  in  every  action  discovered  the  sin- 
cerity and  candour  of  their  dispositions ;  yet  they 

♦  A  portrait  of  Dr  Hutton,  by  Raebum^  painted  for  the 
late  John  Davidson,  Esq.  of  Stewartiield,  one  of  his  old  and 
intimate  friends,  conveys  a  good  idea  of  a  physiognomy  and 
character  of  face  to  which  it  was  difficult  to  do  complete  jus- 
tice. 
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ivei^  in  many  things  extremely  dismntlAr.  An 
dour,  and  even  enthusiasm,  in  the  pursuit  of  science) 
great  rapidity  of  thought,  and  much  animadott) 
distinguished  Dr  Hutton  on  all  occasions^  Great 
caution  in  his  reasonings,  and  a  coolness  of  head 
that  even  approached  to  indifference,  were  chaHKN 
teristic  of  Dr  Black*  On  attending  to  their  con^ 
versation,  and  the  way  in  which  they  treated  any 
question  of  science  or  philosophy^  one  would  say 
that  Dr  Black  dreaded  nothing  so  much  as  errdr^ 
and  that  Dr  Hutton  dreaded  nothing  so  much  as 
ignorance  ;  that  the  one  was  always  a£raid  of  g^t^ 
beyond  the  truth,  and  the  other  of  not  readtii^  it* 
The  curiosity  of  the  hitter  was  by  much  the  most 
easily  awakened,  and  its  impulse  most  powerful  and 
imperious.  With  the  former,  it  was  a  desire  which 
be  could  suspend  and  lay  asleep  for  a  time  i  with 
the  other,  it  was  an  appetite  that  might  be  satisfied 
for  a  moment,  but  was  sure  to  be  quickly  renewed* 
Even  the  simplicity  of  manner  which  was  possessed 
by  both  these  philosophers,  was  by  no  means  pre«* 
cisely  the  same*  That  of  Dr  Black  was  eorreet^ 
respecting  at  all  times  the  prejudices  and  fashions 
of  the  world  ;  that  of  Dr  Hutton  was  more  care- 
less, and  was  often  found  in  direct  coUiisoitf  with 
both. 

From  these  diversitiesi  their  sodety  was  infinite^ 
ly  pleasing,  both  to  themselves  and  those  about 
them.     Each  had  sonctlung  to  give  which  the 

VOL.  IV.  H 
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Other  was  in  want  of.  Dr  Black  derived  great 
lunusement  from  the  viyacity  of  his  friend,  the 
sallies  of  his  wit,  the  glow  and  original  turn  of  his 
expression ;  and  that  calmness  and  serenity  of  mind 
which,  even  in  a  man  of  genius,  may  border  on 
languor  or  monotony,  received  a  pleasing  impulse 
by  sympathy  with  more  powerful  emotions. 

On  the  other  hand,  the  coolness  of  Dr  Black, 
the  judiciousness  and  solidity  of  his  reflections, 
perved  to  temper  the  zeal,  and  restrain  the  impetu- 
osity of  Dr  Hutton.  In  every  material  point  of 
^lilosophy  they  perfectly  agreed.  The  theory  of 
the  earth  had  been  a  subject  of  discussion  with  them 
for  many  years,  and  Dr  Black  subscribed  entirely 
to  the  system  of  his  friend.  In  science,  nothing 
certainly  is  due  to  authority,  except  a  careful  exa- 
mination of  the  opinions  which  it  supports.  It  is 
not  meant  to  claim  any  more  than  this  in  favour  of 
the  Huttonian  Geology ;  but  they  who  reject  that 
system,  without  examination,  would  do  well  to  con- 
sider, that  it  had  the  entire  and  unqualified  appro- 
bation of  one  of  the  coolest  and  soundest  reasoners 
of  which  the  present  age  furnishes  any  example. 

Mr  Clerk  of  Elden  was  another  friend,  with 
whom,  in  the  formation  of  his  theory,  Dr  Hutton 
maintained  a  constant  communication.  Mr  Clerk, 
perhaps  from  the  extensive  property  which  his  fa- 
mily had  in  the  coal-mines  near  Edinburgh,  was 
eavly  interested  in  the  pursuits  of  mineralogy.    His 
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inquiries,  however,  were  never  confined  to  the  ob-* 
jects  which  mere  situation  might  point  out,  and, 
through  his  whole  life,  have  been  much  more  di- 
rected by  the  irresistible  impulse  of  genius,  than 
by  the  action  of  external  circumstances.  Though 
not  bred  to  the  sea,  he  is  well  known  to  have 
studied  the  principles  of  naval  war  with  unexam- 
pled success ;  and  though  not  exercising  the  pro- 
fession of  arms,  he  has  viewed  every  country  through 
which  he  has  passed  with  the  eye  of  a  soldier  as 
well  as  a  geologist.  The  interest  he  took  in  study- 
ing the  surface  no  less  than  the  interior  of  the 
earth  ;  his  extensive  information  in  most  branches 
ef  natural  history ;  a  mind  of  great  resource,  and 
great  readiness  of  invention  ;  made  him,  to  Dr 
Hutton,  an  invaluable  friend  and  coadjutor.  It 
cannot  be  doubted,  that,  in  many  parts,  the  system 
of  the  latter  has  had  great  obligations  to  the  inge- 
nuity of  the  former,  though  the  unreserved  inter* 
course  of  friendship,  and  the  adjustments  produced 
by  mutual  suggestion,  might  render  those  parts  un- 
distinguishable  even  by  the  authors  themselves. 
Mr  Clerk's  pencil  was  ever  at  the  command  of  his 
friend,  and  has  certainly  rendered  him  most*' es- 
sential service. 

But  it  was  not  to  philosophers  and  men  of  sci- 
ence only  that  Dr  Hutton's  conversation  was  agree- 
able. He  was  little  known,  indeed,  in  general 
company,  and  had  no  great  relish  for  the  enjoy- 
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ment  which  it  affords ;  yet  he  was  fond  of  domestic 
society,  and  took  great  delight  in  a  few  private  cir- 
cles, where  several  excellent  and  accomplished  in- 
dividuals of  both  sexes  thought  themselves  happy  to 
be  reckoned  in  the  number  of  his  friends.  In  one 
or  other  of  these,  he  was  accustomed  almost  every 
evening  to  seek  relaxation  from  the  studies  of  the 
day,  and  found  always  the  most  cordial  welcome. 
A  brighter  tint  of  gaiety  and  cheerfulness  spread 
itself  over  every  countenance  when  the  Doctor  en- 
tered the  room  j  and  the  philosopher  who  had  just 
descended  from  the  sublimest  speculations  of  meta- 
physics, or  risen  from  the  deepest  researches  of  geo- 
logy, seated  himself  at  the  tea-table,  as  much  dis^ 
engaged  from  thought,  as  cheerful  and  gay,  as  the 
youngest  of  the  company.  These  parties  were  de- 
lightful, and,  by  all  who  have  had  the  happiness  to 
be  present  at  them,  will  never  cease  to  be  remem- 
bered with  pleasure. 

He  used  also  regularly  to  unbend  himself  with  a 
few  friends,  in  the  little  society  alluded  to  in  Pro^ 
fessor  Stewart's  Life  of  Mr  Smith,  and  usually 
known  by  the  name  of  the  Oyster  Club.  This 
club  met  weekly  ;  the  original  members  of  it  were 
Mr  Smith,  Dr  Black,  and  Dr  Hutton,  and  round 
them  was^  soon  formed  a  knot  of  those  who  knew 
how  to  value  the  familiar  and  social  converse  of 
these  illustrious  men.  As  all  the  three  possessed 
great  talents,  enlarged  views,  and  extensive  infer- 
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matioD,  without  any  of  the  stateliness  and  formality 
which  men  of  letters  think  it  sometimes  necessary  to 
affect  i  as  they  were  all  three  easily  amused,— -were 
equally  prepared  to  speak  and  to  listen, — and  as  the 
sincerity  of  their  friendship  had  never  been  darkened 
by  the  least  shade  of  envy ;  it  would  be  hard  to  find 
an  example,  where  every  thing  favourable  to  good 
society  was  more  perfectly  united,  and  every  thing 
adverse  more  entirely  excluded.  The  conversa- 
tion was  always  free,  often  scientific,  but  never  di- 
dactic or  disputatious  ;  and  as  this  club  was  much 
the  resort  of  the  strangers  who  visited  Edinburgh, 
from  any  object  connected  with  art  or  with  science, 
it  derived  from  thence  an  extraordinary  degree  of 
variety  and  interest.  It  is  matter  of  real  regret 
that  it  has  been  unable  to  survive  its  founders. 

The  simplicity  of  manner  that  has  been  already 
remarked  as  so  strikingly  exemplified  in  Dr  Hut- 
ton,  was  but  a  part  of  an  extreme  disinterestedness 
which  manifested  itself  in  every  thing  he  did.  He 
was  upright,  candid,  and  sincere  ;  strongly  attach- 
ed to  his  friends  ;  ready  to  sacrifice  any  thing  to 
assist  them  ;  humane  and  charitable.  He  set  no 
great  value  on  money,  or,  perhaps,  to  speak  proper- 
ly, he  set  on  it  no  more  than  its  true  value ;  yet, 
owing  to  the  moderation  of  his  manner  of  life,  and 
the  ability  with  which  his  friend  Mr  Davie  con- 
ducted their  joint  concerns,  he  acquired  consider- 
able wealth. 
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He  was  never  married,  but  lived  with  his  sisters, 
three  excellent  women,  who  managed  his  domestic 
a&irs  ;  and  of  whom,  only  one.  Miss  Isabella 
Hutton,  remained  to  lament  his  death.  By  her  his 
collection  of  fossils,  about  which  he  left  no  particu* 
lar  instructions,  was  presented  to  Dr  Black ;  who 
thought  that  he  could  not  better  consult  the  advan- 
tage of  the  public,  or  the  credit  of  his  friend,  than 
by  giving  it  to  the  Royal  Society  of  Edinburgh, 
under  the  condition  that  it  should  be  completely  ar- 
ranged, and  kept  for  ever  separate,  for  the  purpose 
of  illustrating  the  Huttonian  Theory  of  the  Earth* 
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J.  HE  distinguished  person  who  is  the  subject  of 
this  memoir  was  bom  at  BoghalU  in  the  parish  of 
Baldemock,  near  Glasgow,  in  the  year  1739*  His 
father,  John  Robison,  had  been  eai'Iy  engaged  in 
commerce  in  Glasgow,  where,  with  a  character  of 
great  probity  and  worth,  he  had  acquired  consider- 
able wealth,  and,  before  the  birth  of  his  son,  had 
retired  to  the  country,  and  lived  at  his  estate  of 
BoghalL 

His  son  was  educated  at  the  grammar  school  of 
Glasgow.  We  have  no  accounts  of  his  earliest  ac-* 
quirements,  but  must  suppose  them  to  have  been 
sufSciendy  rapid,  as  he  entered  a  student  of  Hu- 
manity, in  the  University  of  Glasgow,  in  Novem- 
ber 17^0,  and  in  April  17^6  took  his  degree  in 
Arts. 

Several  Professors  of  great  celebrity  adorned  that 

*  From  the  Transactions  o£  the  Royal  Society  of  £din« 
burgh.  Vol.  VII.  (1815.)— Ed. 
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University  about  this  period.  Dr  Simson  was  one 
of  the  first  geometers  of  the  age ;  and  Mr  Adam 
Smith  had  just  begun  to  explain  in  his  lectures 
those  principles  which  have  since  been  delivered 
with  such  effect  in  the  Theory  of  Moral  Senti- 
ments, and  in  the  Wealth  of  Nations.  Dr  Moore 
was  a  great  master  of  the  Greek  language,  and 
added  to  extensive  learning  a  knowledge  of  the 
ancient  geometry,  much  beyond  the  acquirement  of 
an  ordinary  scholar. 

Under  such  instructors,  a  young  man  of  far  in- 
ferior talents  to  those  which  Mr  Robison  possess- 
ed, could  not  fail  to  make  great  advancement.  He 
used,  nevertheless,  to  speak  lightly  of  his  early  pro* 
ficiency,  and  to  accuse  himself  of  want  of  applica- 
tion, but  from  what  I  have  learnt,  his  abilities  and 
attainments  were  highly  respected  by  his  contem- 
poraries, and  he  was  remarked  at  a  very  early  pe- 
riod for  the  ingenuity  of  his  reasonings  as  well  as 
the  boldness  of  his  opinions.  According  to  his 
own  account,  his  taste  for  the  accurate  ^iences  was 
not  much  excited  by  the  pure  Mathematics,  and 
he  only  began  to  attend  to  them,  after  he  dis- 
covered their  use  in  Natural  Philosophy. 

In  the  year  following  that  in  which  he  took  his 
degree,  Dr  Dick,  who  was  joint  Professor  of  Na- 
tural Philosophy  with  his  father,  died,  and  Mr 
Robison  offered  himself  to  the  old  gentleman  as  a 
temporary  assistant.     He  was  recommended,  as  I 
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have  been  told,  by  Mr  Smith,  but  was  nevertheless 
judged  too  young  by  Mr  Dick,  as  he  was  not  yet 
nineteen.     The  object  to  which  his  father,  a  man 
of  exemplary  piety,  wished  to  direct  his  future 
prospects,  was  the  Church,  to  which,  however,  he 
was  at  this  time  greatly  averse,  from  motives  which 
do  not  appear ;  but  certainly  not  from  any  dislike 
to  the  objects  or  duties  of  the  Clerical  Profession. 
It  was  very  natural  for  him  to  wish  for  some  active 
scene,  where  his  turn  for  Physical,  and  particular- 
ly Mechanical  Science,  might  be  exercised,  and  the 
influence  of  those  indefinite  and  untried  objects, 
which   act   so  powerfully  on   the  imagination  of 
youth,  directed  his  attention  toward  London.    Pro- 
fessor Dick  and  Dr  Simson  joined  in  recommend* 
ing  him  to  Dr  Blair,  Prebendary  of  Westminster, 
who  was  then  in  search  of  a  person  to  go  to  sea 
with  Edward,   Duke  of  York,  and  to  assist  his 
Royal  Highness  in  the  study  of  Mathematics  and 
Navigation.     When  Mr  Robison  reached  London 
in  17^89  he  learnt  that  the  proposed  voyage  was  by 
no  means  fixed,  and  afler  passing  some  time  in  ex- 
pectation and  anxiety,  he  found  that  the  arrange- 
ment was  entirely  abandoned.     This  first  disap- 
pointment in  a  favourite  object  could  not  fail  to  be 
severely  felt,  and  had  almost  made  him  resolve  on 
returning  to  Scotland. 

He  had  been  introduced,  however,  to  Admiral 
Knowles,  whose  son  was  to  have  accompanied  the 
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Duke  of  York,  and  the  Admiral  was  too  conver- 
tant  with  Nautical  Science,  not  to  discover  in  him 
a  genius  strongly  directed  to  the  same  objects. 
Though  the  scheme  of  the  Prince's  nautical  edu- 
cation was  abandoned,  the  Admiral's  views  with 
respect  to  his  son  remained  unaltered,  and  he  en- 
gaged Mr  Robison  to  go  to  sea  with  him,  and  to 
take  charge  of  his  instruction.  From  this  point  it 
18,  that  we  are  to  date  his  nautical  as  well  as  scien- 
tific attainments. 

About  the  middle  of  February  17^99  a  fleet 
sailed  from  Spithead  under  the  conunand  of  Ad- 
miral Saunders,  intended  to  co-operate  with  a  mili- 
tary force  which  was  to  be  employed,  during  the 
ensuing  summer,  in  the  reduction  of  Quebec. 
Young  Knowles,  whom  Mr  Robison  had  agreed  to 
accompany,  was  a  midshipman  on  board  the  Admi- 
ral's sliip,  the  Neptune  of  90  guns ;  but  in  the 
course  of  the  voyage,  being  promoted  to  the  rank 
of  Lieutenant  in  the  Royal  William  of  80  guns, 
Mr  Robison  went  with  him  on  board  that  ship, 
and  was  there  rated  as  a  midshipman. 

The  fleet  arrived  on  the  coast  of  America  in 
April ;  but  it  was  not  till  the  beginning  of  May 
that  the  entire  dissolution  of  the  ice  permitted  it  to 
ascend  the  River  St  Lawrence,  and  that  the  active 
scene  of  naval  and  military  operations  commenced, 
which  teiminated  so  much  to  the  credit  of  the  Bri- 
tish arms.     A  person  whose  seafaring  life  was  to 
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be  limited  to  two  years,  may  well  be  considered  as 
fortunate,  in  witnessing,  during  that  short  period, 
a  series  of  events  so  remarkable  as  those  which  pre- 
ceded and  followed  the  taking  of  Quebec.  Though 
great  armies  were  not  engaged,  much  valour  and 
conduct  were  displayed  ;  the  leaders  on  both  sides 
were  men  of  spirit  and  talents  ;  and,  on  the  part 
of  the  English,  the  most  cordial  co-operation  of 
the  sea  and  land  forces  was  woithy  of  men  animat- 
ed by  the  spirit  of  patriotism,  or  the  love  of  glory ; 
the  fate  also  of  the  gallant  leader,  who  fell  in  the 
moment  of  victory,  and  in  the  prime  of  life,  by  re- 
pressing the  exultation  of  success,  gave  a  deeper 
interest  to  the  whole  transaction. 

Of  the  operations  of  this  period  Mr  Robison  was 
by  no  means  a  mere  spectator.  A  hundred  sea- 
men, under  the  command  of  Lieutenant  Knowles, 
were  drafted  from  the  Royal  William  into  the  Stir- 
ling Castle,  the  Admiral's  ship.  Mr  Robison  was 
of  this  party,  and  had  an  opportunity  of  seeing  a 
great  deal  of  active  service.  At  this  time,  also,  he 
was  occasionally  employed  in  making  surveys  of  the 
river  and  the  adjacent  grounds  ;  a  duty  for  which 
he  was  eminently  qualified,  both  by  his  skill  as  a 
mathematician,  and  his  execution  as  a  draughts- 
man. 

It  is,  however,  much  to  be  regretted,  that  his 
papers,  whether  memorandums  or  letters,  give  no 
account  of  the  incidents  of  this  period  ;  so  that  we 
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are  left  to  conclude,  from  the  history  of  the  times, 
what  were  the  events  in  which  he  must  have  taken 
part,  or  to  gather,  from  the  imperfect  recollection 
of  his  conversation,  the  scenes  in  which  he  was  ac- 
tually engaged.  I  have  heard  him  express  great 
admiration  at  the  cool  intrepidity  which  he  wit- 
nessed, when  the  fire-ships,  sent  down  the  stream 
against  the  English  navy,  at  anchor  in  the  river, 
seemed  to  present  a  wall  of  fire,  extending  from  one 
bank  to  another,  from  which  nothing  that  floated 
on  the  water  could  possibly  escape.  Without  the 
smallest  alarm  or  confusion,  the  British  sailors  as- 
sailed this  flaming  battlement  in  their  boats,  grap- 
pled the  ships  which  composed  it,  and  towed  them 
to  the  shore,  where  they  burnt  down  quietly  to  the 
water's  edge. 

An  anecdote  which  he  also  used  to  tell,  deserves 
well  to  be  remembered.  He  happened  to  be 
on  duty  in  the  boat  in  which  General  Wolfe 
went  to  visit  some  of  his  posts,  the  night  before 
the  battle,  which  was  expected  to  be  decisive  of  the 
fate  of  the  campaign.  The  evening  was  fine,  and 
the  scene,  considering  the  work  they  were  engaged 
in,  and  the  morning  to  which  they  were  looking 
forward,  sufiiciently  impressive.  As  they  rowed 
along,  the  General,  with  much  feeling,  repeated 
nearly  the  whole  of  Gray's  Elegy  (which  had  ap- 
peared not  long  before,  and  was  yet  but  little 
known)  to  an  ofiicer  who  sat  with  him  in  the  stern 
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of  the  boat;  adding,  as  he  concluded,  that  **  he 
would  prefer  being  the  author  of  that  poem  to  the 
glory  of  beating  the  French  tomorrow." 

Tomorrow  came,  and  the  life  of  this  illustrious 
soldier  was  terminated,  amid  the  tears  of  his  friends, 
and  the  shouts  of  his  victorious  army.  Quebec 
fell  of  course ;  and  soon  afterwards  the  fleet  under 
Admiral  Saunders  sailed  for  England.  When 
they  arrived  on  the  coast,  they  were  informed  that 
the  Brest  fleet  was  at  sea,  and  that  Sir  Edward 
Hawke  was  in  search  of  it.  Without  waiting  for 
orders.  Admiral  Saunders  sailed  to  reinforce  Hawke, 
but  came  too  late,  the  celebrated  victory  over  Con- 
flans,  in  Quiberon  Bay,  having  been  obtained  (on 
the  20th  of  November)  a  few  days  before  he  joined. 
Whether  the  Royal  William  accompanied  the  rest 
of  the  fleet  on  this  occasion,  I  have  not  been  able 
to  learn.  The  body  of  General  Wolfe  was  brought 
home  in  that  ship,  and  was  landed  at  Spithead  on 
the  18th  of  November.  From  that  date  to  the 
beginning  of  next  year,  I  find  nothing  concerning 
the  Royal  Wijliam,  when  that  ship,  with  the  Na- 
mur  and  some  others,  under  the  command  of  Ad- 
miral Boscawen,  sailed  on  'an  expedition  to  the  Bay 
of  Quiberon.  On  this  service  the  Royal  William 
remained  between  five  and  six  months,  having  been 
twice  sent  to  cruise  off  Cape  Finisterre,  for  five 
weeks  each  time. 

Abotit  this  period,  a  series  of  letters  from  Mr 
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Robison  to  his  father  begins ;  and  though  the  let- 
ters do  not  enter  much  into  particulars^  they  leave 
us  less  at  a  loss  about  the  remaining  part  of  his  sea- 
faring  life. 

On  the  3d  of  August  the  Royal  William  return- 
ed to  Plymouth,  the  greater  part  of  the  crew  being 
totally  disabled  by  the  sea^scurvy,  from  which  Mr 
Robison  himself  had  suffered  very  severely.  He 
writes  to  his  father,  that,  out  of  seven  hundred  and 
fifty  able  seamen,  two  hundred  and  eighty-six  were 
confined  to  their  hammocks,  in  the  most  deplorable 
state  of  sickness  and  debility,  while  one  hundred 
and  forty  of  the  rest  were  unable  to  do  more  than 
walk  on  deck.  This  circumstance  strongly  maiks, 
to  us,  who  have  lately  witnessed  the  exertions  of 
British  sailors,  in  the  blockade  of  Brest,  and  other 
ports  of  the  enemy,  the  improvement  made  in  the 
art  of  preserving  the  health  of  seamen  within  the 
last  fifty  years.  The  Royal  William,  notwithstand- 
ing the  state  of  extreme  distress  to  which  her  crew 
was  reduced,  by  a  continuance  at  sea,  of  hardly  six 
months,  was  under  the  command  of  Captain  Hugh 
Figott,  one  of  the  most  skilful  officers  of  the  Bri- 
tish navy.  Mr  Robison,  indeed,  never  at  any 
time  mentioned  his  name  without  praise,  for  his 
knowledge  of  seamanship,  and  the  address  with 
which  he  used  to  work  the  ship,  in  such  bad  weather, 
as  rendered  her  almost  unmanageable  to  the  other 
officers.    The  art  of  preserving  the  health  of  the 
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seaman  is  a  branch  of  nautical  science,  which  had 
at  that  time  been  little  cultivated.  Our  great  Ciiv. 
cumnavigator  had  not  yet  shown,  that  a  ship's  crew 
may  sail  round  the  globe,  with  less  mortality  thaiEi 
was  to  be  expected  in  the  same  number  of  men,  liv-^ 
ing  for  an  equal  period  in  the  most  healthful  village 
of  their  native  country. 

Mr  Robison's  letters  to  his  &ther,  about  this 
time,  are  strongly  expressive  of  his  dislike  to  the. 
sea,  and  of  his  resolution  to  return  to  Glasgow, 
and  to  resume  his  studies,  particularly  that  of  the«* 
ology,  with  a  view  of  entering  into  the  church. 
These  resolutions,  however,  were  for  the  present 
suspended,  by  a  very  kind  invitation^from  Admiral 
Knowles,  to  come  and  live  with  him  in  the  coun-^ 
try,  and  to  assist  him  in  his  experiments ;  '*  Thus^. 
(says  the  admiral,)  we  shall  be  useful  to  one  ano^ 
ther.'^  What  these  experiments  were  is  not  men-, 
tioned,  but  they  probably  related  to  ship-building, 
a  subject  which  the  admiral  had  studied  with  great 
attention.  Mr  Robison,  accordingly,  continued  to. 
enjoy  a  situation,  and  an  employment,  that  must 
both  have  been  extremely  agreeable  to  him,  till  the 
month  of  February  in  the  year  following,  when 
Lieutenant  Knowles  was  appointed  to  the  command 
of  the  Peregrine  sloop  of  war,  of  20  guns.  Whei-i 
ther  the  plan  of  nautical  instruction  which  Mr  Ro-« 
bison  proposed  for  his  pupil  was  not  yet  completed, 
or  whether  he  had,  after  all,  come  to  a  resolution 

VOL.  IV.  1 
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of  ponoing  a  fleafaring  life,  (of  whidi  there  is 
an  ai^earanoe  in  some  of  his  letteia,)  he  embarked 
in  the  Braregrine^  and  he  eren  mentiong  his  hi^ea 
of  being  made  purser  to  that  ship.  The  first 
serrioe  in  which  Captain  Knowles  was  employed, 
was  to  convoy  the  fleet  to  lisbon^  In  a  lettar 
from  Plymouth,  where  they  weie  forced  in  by  the 
weather,  Mr  Robison  paints,  in  strong  colours,  the 
diflference  between  sailing  in  a  small  ship,  like  the 
Ferine,  and  a  first  rate,  like  the  Royal  William, 
and  the  uncomfortable  situation  of  all  on  board, 
during  a  gale  which  they  had  experienced  in  com- 
ing down  the  Channel.  Tlie  voyage^  however, 
gave  him  an  opportunity  of  visiting  Lisbon,  on 
which  the  traces  of  the  earthquake  were  yet  deeply 
imprinted ;  and  the  ship  continuing  to  cruize  off 
the  coast  of  Spain  and  Portugal,  he  had  occasion  to 
land  at  Oporto,  and  other  places  on  the  Portuguese 
coast.  In  the  month  of  June  he  returned  to 
England;  and  from  this  time  quitted  the  navy, 
though  he  did  not  give  up  hopes  of  preferment. 
He  returned  to  live  with  Admiral  Knowles,  and 
in  the  end  of  the  same  summer,  was  recommended 
by  him  to  Lord  Anson,  the  First  Lord  of  the  Ad- 
miralty, as  a  proper  person  to  take  charge  of  Har- 
rison's time*keeper,  which,  at  the  desire  of  the 
Board  of  Longitude,  was  to  be  sent,  on  a  trial  voy- 
age^ to  the  West  Indies. 

The  ingenious  artist  just  named  had  b^n  the 
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construction  of  bis  chronometer,  on  new  principles, 
as  early  as  the  year  1726»  and  with  the  fortitude 
and  patience  characteristic  of  genius,  had  for  thirty- 
fire  years  struggled  against  the  physical  difficulties 
of  his  undertaking,  and  the  still  more  discouraging 
obstacles  which  the  prejudice,  the  envy,  or  the  in- 
difference of  his  contemporaries,  seldom  foil  to  plant 
in  the  way  of  an  inrentor.     Notwithstanding  all 
these,  he  had  advanced  constantly  from  one  degree 
of  perfection  to  another,  and  it  was  his  fourth 
time-keeper,  reduced  to  a  portable  size,  and  improv- 
ed in  all  other  respects,  that  was  now  submitted  to 
examination.     It  was  intended  that  Mr  Robison 
should  accompany  young  Harrison  and  the  time- 
keeper, in  a  frigate,  the  Deptford,  to  Poit  Royal 
in  Jamaica,  in  order  to  determine,  on  their  landing, 
the  difference  of  time,  as  given  by  the  watch,  and 
as  found  by  astrcmomical  observation.     The  time- 
keeper, accordingly,  was  put  into  the  hands  of  Mr 
Robertson  of  the  Naval  School  at  Portsmouth,  who 
determined  its  rate^  from  nine  days  that  it  remain- 
•ed  in  his  custody,  to  be  ^'^  slow  per  day,  and  also, 
the  error  to  be  S''  slow  on  the  6th  of  November  at 
noon,  according  to  mean  solar  time. 

The  Deptford  sailed  on  the  18th  of  Novei^ber, 
and  arrived  at  Port  Royal  on  the  19th  of  Januiiry ; 
on  the  26th,  Mr  Robison  observed  the  time  of 
lKX)n,  and  found  it  to  answer  to  4^  5Q'  7^^  by  the 
watch,  and  this  being  corrected  for  the  error  of 
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three  seconds,  and  also  for  the  duly  accumulation 
of  2f ^  for  eighty-one  days  five  hours,  the  interval 
between  the  observations,  the  difference  of  longi- 
tade  between  Portsmouth  and  Port  Royal  came  out 
S^  2'  4f7'\  only  four  seconds  less  than  it  was  known 
to  be  from  other  observations. 

The  instructions  of  the  Board  farther  required, 
that,  as  soon  as  an  opportunity  could  be  found,  the 
same  two  gentlemen  should  return  with  the  watch 
to  Portsmouth,  that,  by  a  comparison  of  it  with  the 
time  there,  the  total  error,  during  both  voyages, 
might  be  ascertained.  The  opportunity  of  return 
occurred  sooner  than  they  had  any  reason  to  ex- 
pect ;  for  the  Spanish  war  having  now  broke  out, 
an  alarm  of  an  invasion  of  Jamaica  from  St  Do* 
mingo,  occasioned  the  governor  to  dispatch  the 
Merlin  sloop  of  war  to  England,  to  give  intelligence 
of  the  danger.  Mr  Robison  and  Mr  Harrison  ob- 
tained leave  to  return  in  the  Merlin,  and  sailed  on 
the  S8th,  having  been  but  a  few  days  in  Jamaica. 
This  voyage  was  an  epitome  of  al^  the  disasters, 
short  of  shipwreck^  to  which  seafaring  men  are  ex- 
posed. They  experienced  a  continuation  of  the 
most  tempestuous  weather,  and  the  most  contrary 
winds,  from  the  moment  they  quitted  the  Bahamas, 
till  they  arrived  at  Spithead.  To  add  to  their  dis- 
tress, the  ship  sprung  a  great  leak,  three  hundred 
leagues  from  any  land,  and  it  required  the  utmost 
skill  and  exertion  to  keep  her  from  sinking.     In  a 
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terible  gale,  on  the  i4th  of  March,  their  rudder 
broke  in  two,  so  that  they  could  no  longer  keep  the 
ship's  head  to  the  wind  ;  and  if  the  gale  had  not 
speedily  moderated,  they  must  inevitably  have  per- 
ished.    When  the  voyage  was  near  a  conclusion^ 
and  they  were  congratulating  themselves  on  the  end 
of  their  troubles,  the  ship  was  found  to  be  on  fire, 
and  the  flames  were  extinguished  with  great  diffi- 
culty.    They  reached  Portsmouth  on  the  26th  of 
March,  and  on  the  2d  of  April,  the  mean  noon  by 
the  watch  was  found  to  be  at  ll**-  51'  31^",  and, 
making   correction   for  the   error  and  rate,  this 
amounted  to  11^-  58'  6f' ,  so  that  the  whole  error, 
from  the  first  setting  sail,  was  only  1'  53^^",  which, 
in  the  latitude  of  Portsmouth,  would  not  amount  to 
an  error,  in  distance,  of  twenty  miles. 

When  Mr  Robison  undertook  the  voyage  to 
Jamaica,  he  made  no  stipulation  for  any  remunera* 
tion ;  and  Lord  Anson  assured  him,  that  he  should 
have  no  reason  to  repent  the  confidence  which  he 
placed  in  the  Board.  But  when,  on  his  return,  he 
came  to  look  for  the  reward,  to  which  the  success 
and  trouble  of  the  undertaking  certainly  entitled 
him,  he  soon  found  that  he  had  greatly  erred  in 
leaving  himself  so  much  at  the  mercy  of  unforeseen 
contingencies.  Lord  Anson  was  ill  of  the  disease 
of  which  he  died,  and  was  not  in  a  condition  to  at- 
tend to  business.  Admiral  Knowles  was  disgusted 
with  the  Admiralty,  and  with  the  Ministry,  by 
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which  he  thought  himself  ill-uaed;  so  that  Mr  Ro- 
bison  bad  nothing  to  look  for  from  personal  kind- 
ness, and  could  trust  only  to  the  justice  and  mode- 
ration of  his  claims.  These  were  of  little  advantage 
to  him  ;  for  such  was  the  inattention  of  the  Lords 
of  the  Admiralty,  and  the  members  of  the  Board 
of  Longitude,  that  he  could  not  obtain  access  to 
any  of  them,  nor  even  receive  from  them  any  an- 
swer to  his  memorials. 

The  picture  which  his  letters  to  his  father  pre- 
sent, at  this  time,  is  that  of  a  mind  suffering  severely 
from  unworthy  treatment,  where  it  was  least  sus- 
pected. Men  in  office  do  not  reflect,  while  they 
are  busy  about  the  concerns  of  nations,  how  much 
evil  may  be  done  by  their  neglect  to  do  justice  to  an 
individual.  They  may  be  extinguishing  the  fire  of 
genius,  thrusting  down  merit  below  the  level  it 
should  rise  to,  or  prematurely  surrounding  the 
mind  of  a  young  mau  with  a  fence  of  suspicion  and 
distrust,  worse  than  the  evils  which  it  proposes  to 
avert.  Like  other  kinds  of  injustice,  this  may, 
however,  meet  with  its  punishment ;  though  the 
victim  of  unmerited  neglect  may  remain  for  ever 
obscure,  and  his  sufferings  for  ever  unknown,  he 
may  also  emerge  from  obscurity,  and  the  treatment 
he  has  met  with  may  meet  the  eye  of  the  public. 
It  is  prdbaUe  that  the  member  of  these  Boards 
most  coni^icuous  for  rank  or  for  science,  would 
Qot  have  been  above  some  feelpg  of  regret»  if  he 
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Iiad  learnt,  that  the  young  man,  whose  petitions  he 
disregarded,  was  to  become  the  ornament  of  his 
country,  and  the  ill  treatment  he  then  met  with,  a 
material  fact  in  the  history  of  his  life. 

But  though  we  must  condemn  the  neglect  of 
which  Mr  Robison  had  so  much  reason  to  complaint 
we  do  by  no  means  regret  that  the  recompense^ 
which  he  or  his  friends  had  in  view,  was  not  ac- 
tually conferred  on  him.     This  was  no  other  than 
an  appointment  to  the  place  of  a  purser  in  a  ship  of 
war ;  a  sort  of  preferment  which,  to  a  man  of  the 
genius,  information,  and  accomplishment  of  Mr 
Robison,  must  have  tiu*ned  out  rather  as  a  punish- 
ment  than  a  reward.     It  was,  however,  the  ob* 
ject  which,  by  the  advice  of  Sir  Charles  Knowles^ 
he  now  aspired  to  j  and,  indeed,  he  had  done  so 
ever  after  his  first  voyage  in  the  Reyal  William ;  for 
it  a[^ears  that  he  had  wished  to  be  made  purser  to 
|he  Peregrine  at  the  time  when  Lieutenant  Ejiowles 
was  appointed  to  the  command  of  that  ship,  though, 
considering  its  smallness,  the  situation  coi|Id  have 
been  attended  with  little  emolument.  * 

*  It  18,  hofwever,  true,  that  the  place  of  Purser  was  after* 
wards  offered  to  Mr  Robison^  but  such  a  oue  as  he  could  havp 
no  temptation  to  accept.  In  1763^  when  Lord  Sandwich  was 
First  Lord  of  the  Admiralty^  his  solicitations  were  so  far  lis- 
tened to>  that  he  was  appointed  to  the  Aurora^  of  40  guns^ 
then  on  the  stocks.     As  the  ship  must  be  long  of  being  in 
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Thus  disa^^inted  in  his  hopes,  Mr  Robison  re- 
solved on  returning  to  Glasgow,  in  order  to  quali- 
fy himself  for  entering  into  the  Church.  Indeed, 
the  idea  of  prosecuting  his  original  destination  seems 
often  to  have  occurred  to  him,  even  when  his  views 
appeared  to  have  a  very  different  direction.  When 
he  left  the  Royal  William  in  I76I,  he  was  not  with- 
out serious  intentions  of  resuming  the  study  of 
theology.  This  appears,  both  from  a  letter  he 
wrote  to  his  father,  about  that  time,  and  from  one 
which  he  himself  received  from  young  Knowles, 
who  rallies  him  on  his  new  profession,  and  on  the 
singularity  of  having  acquired  a  taste  for  theolc^cal 
studies  in  the  ward  room  of  a  man  of  war.  When 
he  undertook  the  voyage  to  Jamaica,  he  would  have 
wished  to  have  had  the  patronage  of  his  employers, 
for  obtaining  some  ecclesiastical  preferment  rather 
than  naval ;  and  only  agreed  to  the  latter,  as  it  lay 
more  in  the  way  of  the  Board  of  Longitude  to  help 
one  to  promotion  in  the  navy  than  in  the  church,  it 
appears,  that  he  had  never  ceased  te  express  to  Dr 
Blair  a  desire  of  assuming  the  clerical  character ; 
and  he  actually  had,  from  that  gentleman,  the  offer 
of  a  curacy  in  a  living^f  his  own,  to  which,  however, 
the  emolument  annexed  was  so  small,  that,  after 


commission^  and  the  pay  of  the  purser,  in  the  mean  time, 
very  inconsiderable,  Mr  Robison  declined  accepting  this  ap- 
pointment* 
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consultation  with  his  father,  he  declined  accepting 
of  it. 

But,  however  Mr  Robisou's  views  may  have  va- 
ried,^  to  one  object  he  steadily  adhered,  viz.  the  cul- 
tivation of  science,  and  the  acquisition  of  whatever 
knowledge  the  situations  he  was  placed  in  brought 
within  his  reach. 

He  returned,  therefore,  to  Glasgow ;  and  a  man^ 
whose  object  was  the  prosecution  of  science,  could 
not  arrive  at  any  place  in  a  more  auspicious  moment, 
as  that  city  was  about  to  give  birth  to  two  of  the 
greatest  improvements,  which,  in  the  eighteenth 
century,  have  distinguished  the  progress  either  of 
the  sciences  or  the  arts.  The  one  of  these  was  the 
discovery  of  Latent  Heat,  by  the  late  Dr  Plack  j 
the  other  was  the  invention  of  what  may  be  proper- 
ly called  a  New  Steam-engine,  by  Mr  Watt.  The 
former  of  these  eminent  men  was  then  the  Lecturer 
on  Chemistry  in  the  University,  and  had  just  been 
led,  by  a  train  of  most  ingeniously  contrived  expe- 
riments, to  the  knowledge  of  a  principle  which 
seemed  to  promise  better  for  an  explanation  of  the 
process  which  takes  place  when  heat  is  communicat- 
ed to  bodies,  than  any  thing  yet  known  in  chemis- 
try, viz.  that  when  water  passes  from  a  solid  to  a 
fluid  state,  as  much  of  its  heat  disappears  as  would 
have  raised  its  temperature,  had  it  remained  solid, 
140  degrees  higher  than  that  which  it  actually  pos« 
sesses.     Mr  Robison  was  already  known  to  Dr 
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Black,  having  been  introduced  to  him  before  he 
left  Gla^w ;  but  at  that  time  he  had  not  studied 
chemistry,  to  which,  however,  he  was  now  bending 
his  attention.  He  had  the  advanti^  of  being  ini- 
tiated in  it  by  the  author  of  the  discovery  just  men- 
tioned ;  and  the  new  views  struck  out  by  his  master, 
did  not  fail  to  interest  him  in  a  study,  which,  from 
that  time,  came  to  occupy  a  new  place  in  physical 
science. 

Mechanics  had  always  been  his  favourite  pur- 
suit, and  his  turn  to  whatsoever  was  connected 
with  it,  had  brought  him  to  be  acquainted  with 
Mr  Watt  before  1758,  when  he  left  the  Universi- 
ty. Mr  Watt,  who,  at  that  time,  exercised  the 
profession  of  a  mathematical  instrument  maker, 
was  employed  in  fitting  up  the  astronomical  instru- 
ments bequeathed  to  the  Observatory  by  the  late 
Dr  Macfarlane  of  Jamiuca.  Mr  Robison,  on  his 
return,  found  him  still  residing  in  Glasgow,  and 
exercising  the  same  profession,  and  their  former 
intimacy  was  naturally  renewed.  In  1761,  an  oc» 
currence  such  as  to  an  ordinary  man  would  have 
been  of  no  value,  gave  rise  to  the  improvement  of 
the  steam-engine.  A  model  of  the  common  en- 
gine, Newcomen's,  which  belonged  to  the  Natural 
Philosophy  Class,  was  put  into  Mr  Watt's  hands 
in  order  to  be  repaired.  As  the  model  worked 
faster  than  the  large  engines,  it  was  found  impossi- 
ble to  supply  it  with  steam,  and  it  was  in  the  at- 
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tempt  to  obviate  this  difficulty,  and  in  trying  to 
produce  a  more  perfect  vacuum,  that  the  idea  of 
condensing  the  steam  in  a  separate  vessel  first  oc- 
curred to  him.  At  the  same  time,  by  a  curious 
coincidence,  his  experiments  led  him  to  conclusions 
concerning  the  great  quantity  of  heat  contained  in 
Steam,  that  were  only  to  be  explained  on  the  prin- 
ciple of  latent  heat.  Mr  Robison  lived  in  a  state 
of  great  intimacy  with  Mr  Watt,  and  was  so  much 
acquainted  with  the  first  steps  of  this  invention, 
that  his  evidence  on  the  subject  of  the  originality 
of  it  was  afterwards  of  great  use  in  ascertaining  the 
justness  of  his  claim. 

There  could  not  be  a  better  school  for  philoso- 
phical invention  than  Mr  RoUson  enjoyed  at  this 
time,  and,  accordingly,  he  used  always  to  say,  that 
it  was  not  till  his  second  residence  at  Glasgow  that 
he  applied  to  study  with  his  whole  mind. 

Dr  Black  was  elected  Professor  of  Chemistry  in 
the  University  of  Edinburgh  in  the  summer  of 
1766 ;  and,  on  leaving  Glasgow,  recommended 
Mr  Robison  as  his  successor.  He  was  accordingly 
made  choice  of,  and  began  his  first  course  of  che- 
mical lectures  in  October  1766.  He  was  appoint- 
ed for  one  year  only,  but  his  success  assured  his 
continuance  without  any  other  limit  than  such  as 
depended  on  himself. 

He  had  also  the  charge  of  the  education  of  the 
late  Mr  Macdowal  of  Ganhland,  and  of  Mr 
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Charles  Knowles,  a  son  of  the  Admiral.  But  of 
the  particulars,  during  four  years,  about  this  time, 
I  have  been  able  to  obtiun  little  information. 

The  friendship  of  Admiral  Knowles  had  been 
all  along  exerted  toward  Mr  Robison,  with  an  ex- 
traordinary degree  of  zeal  and  assiduity,  and  was 
now  the  means  of  procuring  for  him  a  very  unlook- 
ed-for preferment,  which  removed  him  from  his 
academical  duties  at  Glasgow.     The  Empress  of 
Russia,  convinced  of  the  importance  of  placing  her 
marine  on  the  best  footing,  made  an  application  to 
the  Government  of  this  country,  for  permission  to 
engage  in  her  service  some  of  the  most  able  and  ex- 
perienced of  our  naval  officers,  to  whom  she  might 
entrust  both  the  contrivance  and  the  execution  of 
the  intended  reformation.   The  request  was  agreed 
to,  and  the  person  recommended  was  Admiral  Sir 
Charles    Knowles,   who   had  long  applied,  with 
gi*eat  diligence,  to  the  study  of  naval  architecture, 
as  well  as  to  that  of  every  branch  of  his  profession ; 
and  who,  about  fifty  years  before,  had  been  sent  to 
Portugal  on  a  similar  mission.     A  proceeding  so 
free  from  that  jealousy  which  often  marks  the  con- 
duct of  great  nations  no  less  than  the  dealings  of 
the  most  obscure  corporations,  is  particularly  de- 
serving of  praise.    From  the  first  moment  that  this 
oflPer  was  made  to  the  Admiral,  he  communicated 
it  to  Mr  Robison,  whom  he  wished  to  engage  as 
his  Secretary,  and  to  whom,  as  he  says  in  his  let- 
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ters,  he  looked  for  much  assistance  in  the  duty  he 
was  about  to  undertake.  A  very  handsome  ap* 
pointment  was  made  for  Mr  Robison,  and  in  the 
end  of  December  I77O9  he  set  out  with  Sir  Charles 
and  his  family  on  the  journey  to  St  Petersburgh, 
over  land. 

Admiral  Knowles  held  the  office  of  President  of 
the  Board  of  Admiralty ;  and  his  intention  was, 
that  Mr  Robison  should  have  the  place  of  Secre- 
tary. The  Russian  Board,  however,  being  consti- 
tuted more  on  the  plan  of  the  French  than  the 
English,  there  was  no  place  corresponding  to  that 
of  our  Secretary  of  the  Admiralty.  Mr  Robison 
continued,  therefore,  in  the  character  of  Private 
Secretary  to  the  Admiral^ 

During  the  first  year  of  the  Admiral's  residence 
in  Russia,  and  for  the  greater  part  of  the  second, 
Mr  Robison  remained  with  him,  employed  in  form* 
ing  and  digesting  a  plan  for  improving  the  methods 
of  buildmg,  rigging,  and  navigating  the  Russian 
ships  of  war,  and  for  reforming,  of  consequence, 
the  whole  detail  of  the  operations  in  the  naval  arse- 
nals of  that  empire. 

These  innovations,  however,  met  with  more  re- 
sistance than  either  the  admiral  or  his  secretary  had 
permitted  themselves  to  suppose.  The  work  of  re- 
form, conducted  by  a  foreigner,  even  when  he 
is  .supported  by  despotic  power,  must  proceed  but 
slowly ;  jealousy,  pride,  and  self-interest,  will  conti- 
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nually  coHQteract  the  plans  of  improvement^  and, 
by  their  vigilance  and  unceasing  activity,  will  never 
wholly  fail  of  success.  All  this  was  experienced  by 
Admiral  Knowles ;  yet  there  is  no  doubt  that  ma- 
terial advantages  were  derived,  by  the  Russian 
navy,  from  the  new  system  which  he  was  enabled, 
partially,  to  introduce. 

Mr  Robison,  from  his  first  arrival  at  St  Peters* 
burgh,  had  applied  with  great  diligence  to  the  study 
of  the  Russian  language,  and  had  made  himself  so 
much  master  of  it,  as  to  speak  and  write  it  with 
considerable  facility.  In  summer  1772>  a  vacancy 
happening  in  the  mathematical  chair  attached 
to  the  Imperial^ Sea  Cadet  Corps  of  Nobles,  at 
Cronstadt,  Mr  Robison  was  solicited  to  accept 
of  that  office.  His  nautical  and  mathematical 
knowledge  qualified  him  singularly  for  the  duties  of 
it,  and  his  proficiency  in  the  Russian  language 
removed  the  only  objection  that  could  possibly 
be  proposed.  When  he  accepted  of  the  appoint- 
ment the  salary  of  his  predecessor  was  doubled,  and 
the  rank  of  colonel  was  given  him.  Besides  deli- 
vering his  lectures  as  professor,  he  officiated  also  as 
inspector  of  the  above  corps,  in  the  room  of  Gene- 
ral Folitika,  who  had  retired,  or  been  sent  to 
his  estates  in  the  Ukraine. 

The  lectures  which  he  gave  were  very  much  ad- 
mired, and  could  not  fail  to  be  of  the  greatest  use 
to  his  pupils.     Few  men  understood  so  well  the 
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theory  and  the  practice  of  the  arts  they  profess 
to  teach ;  few  had  enjoyed  the  same  opportunities 
of  seeing  the  mathematical  rules  of  artillery  and  na- 
vigation carried  into  effect  on  so  great  a  scale.  To 
hia  own  countrymen  resident  at  Petersburgh,  Mr 
Robison  was  an  object  of  no  less  affection  than 
admiration. 

In  1773,  the  death  of  Dr  Russell  produced  a 
vacancy  in  the  Natural  Philosophy  Chair  of  the 
University  of  Edinburgh.  Principal  Robertson, 
who  was  ever  so  attentive  to  the  welfare  of  the  uni- 
versity over  which  he  presided,  though  not  person- 
ally acquainted  with  Mr  Robison,  yet  knowing 
his  character,  had  no  doubt  of  recommending  him 
to  the  patrons  of  the  university,  who,  on  their 
part,  with  no  less  disinterestedness,  listened  to 
his  recommendation,  and  Mr  Robison  was  accord- 
ingly elected.  It  is  said,  that  when  the  news 
of  this  appointment  reached  him,  he  at  first  hesitat- 
ed about  the  acceptance  of  it,  principally  from  the 
feiff  of  appearing  insensible  to  the  kindness  and  fa- 
vour which  he  had  experienced  from  the  Russian 
government.  The  moment,  too.  when  it  was 
known  that  this  invitation  had  been  given  him,  fur- 
ther offers  of  emolument  and  preferment  were 
made  him  by  that  government,  of  such  a  kind  as  it 
was  supposed  he  could  not  possibly  resist.  At 
length  he  determined,  and  no  doubt  wisely,  however 
spfandid  the  proqpects  held  out  to  him  might  be,  to 
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accept  of  H  situation  that  would  fix  him  permanent- 
ly in  his  native  country.  He  therefore  declined 
the  offers  of  the  Empress  of  Russia,  and  in 
June  1774  sailed  from  Cronstadt  for  Leith,  follow- 
ed, as  one  of  those  friends  he  left  behind  in  Russia 
has  expressed  it,  by  the  regrets,  and  accompanied 
by  the  wannest  good  wishes,  not  only  of  all 
who  had  shared  in  his  friendship,  but  of  all  to 
whom  he  was  known.  The  empress  was  so  far  from 
being  offended  with  his  determination,  however 
much  she  wished  to  prevent  it,  that  she  settled 
a  pension  on  him,  accompanied  with  a  request, 
that  he  would  receive  under  his  care  two  or  three 
of  the  young  cadets  who  were  to  be  selected  in  sue* 
cession. 

Mr  Robison  was  admitted  at  Edinburgh  the 
16th  September  1774>  and  gave  his  first  course  of 
lectures  in  the  winter  following.  The  person  to 
whom  he  succeeded  had  been  very  eminent  and 
very  useful  in  his  profession.  He  possessed  a  great 
deal  of  ingenuity,  and  much  knowledge,  in  all  the 
branches  of  Physical  Science.  Without  perhaps 
being  very  deeply  versed  in  the  higher  parts  of  the 
mathematics,  he  had  much  more  knowledge  of  them 
than  is  requisite  for  explaining  the  elements  of 
Natural  Philosophy.  His  views  in  the  latter  were 
sound,  often  original,  and  always  explained  with 
great  clearness  and  simplicity.  The  mathematical 
and  experimental  parts  were  so  happily  combined. 
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ikA  his  lectures  communicated  not  only  an  excel- 
kAt  view  of  the  principles  of  the  science,  but  much 
piBCtical  knowledge  concerning  the  means  by  which 
those  principles  are  embodied  in  matter,  and  made 
palpable  to  sense* 

Mr  Robison,  who  now  succeeded  to  this  chair, 
had  also  talents  and  acquirements  of  a  very  high 
order*  The  scenes  of  active  life  in  which  he  had 
been  early  engaged,  and  in  which  he  had  seen  the 
great  operations  of  the  nautical  and  the  military 
Mt,  had  been  followed,  or  accompanied,  with  much 
study,  so  tliat  a  thorough  knowledge  of  the  princi- 
ples, as  well  as  the  practice,  of  those  arts,  had  been 
acquired.  His  knowledge  of  the  mathematics  was 
accurate  and  extensive,  and  included,  what  was  at 
that  time  rare  in  this  country,  a  considerable  fami- 
liarity with  the  discoveries  and  inventions  of  the 
foreign  mathematicians. 

In  the  general  outline  of  his  course,  he  did  not, 
however,  deviate  materially  from  that  which  had 
beeii  sketched  by  his  predecessors,  except,  I  think, 
m  one  point  of  arrangement,  by  which  he  passed 
from  Dynamics  immediately  to  Physical  Astrono- 
my. The  sciences  of  Mechanics,  Hydrodynamics, 
Astronomy,  and  Optics,  together  with  Electricity 
and  Magnetism,  were  the  subjects  which  his  lec- 
tmres  embraced.  These  were  given  with  great 
-  fluency  aud  precision  of  language,  and  with  the  in- 
troduction of  a  good  deal  of  mathematical  demon- 

VOL.  IV.  K 
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rtratioiL     His  manner  was  grave  and  dignified* 
His  vieivs  ahvaya  ingenious,  and  comprehensive, 
ivere  fiiU  of  information,  and  never  more  interest- 
ing and  instmctive  than  when  they  toodied  on  the 
history  of  science.     His  lectures,  however,  were 
eften  complained  of,  as  difficult  and  hard  to  be  fol- 
lowed, and  this  did  not,  in  my  opinion,  arise  from 
the  depth  of  the  mathematical  demonstrations,  as 
was  sometunes  said,  but  rather  from  the  rapidity  of 
his  discourse,  which  was  in  general  beyond  the 
rate  at  which  accurate  reasoning  can  be  easily  fol- 
lowed.    The  singular  facility  of  his  own  apprehen- 
sion, made  him  judge  too  favourably  of  the  same 
power  in  others.     To  understand  his  lectures  c<Mn- 
pletely,  was,  on  account  of  the  rapidity,  and  the 
uniform  flow  of  his  discourse,  not  a  very  easy  task, 
even  for  men  tolerably  familiar  with  the  subject. 
On  this  account,  his  lectures  were  less  popular  than 
might  have  been  expected  from  such  a  combination 
of  rare  talents  as  the  author  of  them  possessed. 
This  was  assisted  by  the  small  number  of  experi- 
ments he  introduced,  and  a  view  that  he  took  of 
Natural  Philosophy  which  left  but  a  very  subordi- 
nate place  for  them  to  occupy.     An  experiment,  he 
would  very  truly  observe,  does  not  establish  a  gene- 
ral proposition,  and  never  can  do  more  than  prove 
a  particular  fact.     Hence,  he  inferred,  or  seemed 
to  infer,  that  they  are  of  no  great  use  in  establish- 
ing the  principles  of  science.     This  seems  an  er- 
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roneous  view.  An  experiment  does  but  prove  a 
particular  &ct ;  but  by  doing  so  in  a  great  number 
of  cases*  it  affords  the  means  of  discovering  the  ge- 
neral principle  which  is  common  to  all  these  facts. 
£ven  a  single  experiment  may  be  sufficient  to  ^ve 
a  very  general  fact.  When  a  guinea  and  a  feather, 
let  fall  from  the  top  of  an  exhausted  receiver,  de- 
8Q&xd  to  the  bottom  of  it  in  the  same  time,  it  is 
very  true  that  this  only  proves  the  fact  of  the  equal 
acceleration  of  falling  bodies  in  the  case  of  the  two 
substances  just  named ;  but  who  doubts  that  the 
ccmdusion  extends  to  all  different  degrees  of  weight, 
and  that  the  uniform  accelel^on  of  falling  bodies 
of  every  kind,  may  safely  be  inferred  ? 

A  society  for  the  cultivation  of  literature  and 
science  had  existed  in  Edinburgh  ever  since  die 
year  17^99  when,  by  the  advice,  and  under  the 
direction  of  Mr  Maclaurin,  an  association,  formed 
some  years  before  for  the  improvement  of  Medicine 
and  Surgery,  enlarged  its  plan,  and  assumed  the 
name  of  the  Philosophical  Society.  This  society, 
which  had  at  different  times  reckoned  among  its 
members  some  (^  the  first  men  of  whom  this  coun- 
try can  boast,  had  published  three  volumes  of  Me- 
moirs, under  the  title  of  Physical  and  Literary 
Essays;  the  last  in  17^6,  from  which  time  the 
society  had  languished,  and  its  meetings  had  be- 
OQme  less  frequent.  At  the  time  I  am  now  speak- 
kig  of,  it  was  beginning  to  revive,  and  its  tendency 
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to  do  80  was  not  diminished  by  the  acquisition  of 
Mr  Robison,  who  became  a  member  of  it  soon  after 
his  arrival.  It  had  often  occurred,  that  a  more  re- 
gular form,  and  an  incorporation  by  Royal  Charter, 
might  giTe  more  steadiness  and  vigour  to  the  exer- 
tions of  this  learned  body.  In  1783,  accordingly, 
under  the  auspices  of  the  late  excellent  Principal 
of  this  University,  a  Royal  Charter  was  obtained, 
appointing  certain  persons  named  in  it  as  a  New 
Society,  which,  as  its  first  act,  united  to  itself  the 
whole  of  the  Philosophical. 

Professor  Robison,  one  of  those  named  in  the 
original  charter,  was  immediately  appointed  secre- 
tary, and  continued  to  discharge  the  duties  of  that 
office,  till  prevented  by  the  state  of  his  health  seve- 
ral years  after. 

The  first  volume  of  the  Transactions  of  this  So- 
ciety contains  the  first  paper  which  Professor  Ro- 
bison submitted  to  the  public,  a  '<  Determination 
of  the  Orbit  and  the  Motion  of  the  Georgium 
Sidus,  directly  from  Observations,'*  read  in  March 
1786.  This  planet  had  been  observed  by  Dr  Her- 
schell  on  the  ISth  March  1 781,  and  was  the  first 
in^the  long  list  of  discoveries  by  which  that  excel- 
lent observer  has  for  so  many  years  continued  to 
enrich  the  science  of  Astronomy.  Its  great  dis- 
tance from  the  sun,  and  the  slowness  of  its  angular 
motion,  which  last  amounts  to  little  more  than  four 
degrees  from  one  opposition  to  the  next,  made  it 
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difficult  to  determine  its  orbit  with  tolerable  ac- 
curacy, from  an  arch  which  did  not  yet  exceed  an 
eighteenth  part  of  the  whole  orbit.  This  was  an 
inconvenience  which  time  would  remedy  ;  but  im/^ 
patience  to  arrive  even  at  such  an  approximation  as 
the  facts  known  will  afford,  is  natural  in  such  cases, 
and  Professor  Robison,  as  well  as  several  other  ma- 
thematicians, were  not  afraid  to  attempt  the  pro- 
blem, even  in  this  imperfect  state  of  the  data.  It 
is  well  known  that  the  observations  which  best  serve 
the  purpose  of  determining  the  orbit  of  a  planet, 
are  those  made  at  its  oppositions  to  the  sun,  when 
an  observer  in  the  Earth  and  in  the  Sun  would  re- 
fer the  planet  to  the  same  point  in  the  starry  hea- 
vens, or  when,  in  the  language  of  astronomers,  its 
heliocentric  and  geocentric  places  coincide.  Of 
these  oppositions  in  the  case  of  this  planet,  ther^ 
were  yet  only  four  which  had  been  actually  ob- 
served. Dr  Herschell  had,  however,  discovered 
the  planet  soon  after  the  opposition  of  I78I  was 
passed,  and  though  of  course  that  opposition  was 
not  seen,  yet  from  the  observations  that  were  made 
so  soon  after.  Professor  Robison  thought  he  could 
deduce  the  time  with  sufficient  accuracy.  The 
opposition  of  the  winter  I786  jie  observed  himself; 
for  diough  there  was,  unfortunately,  no  observatory 
at  Edinburgh,  he  endeavoured  to  supply  that  de- 
fect on  the  present  occasion  by  a  very  simple  appi^ 
ratus,  viz.  a  telescope  on  an  equatorial  stand,  which 
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served  to  compare  the  right  ascension  mid  dedina- 
tion  of  the  planet  with  those  of  soma  known  stirs 
which  it  happened  to  be  near.  His  genenl  sohi« 
tion  of  the  problem  is  very  deserving  of  pndse ;  and 
though  the  method  pursued  is  in  its  principle  the 
same  fvith  all  those  which  ever  since  the  time  of 
Kepler  have  been  employed  for  finding  the  ele- 
ments of  a  planetary  orbit,  it  appears  here  in  a  very 
simple  form,  the  construction  being  wholly  geome* 
trical)  and  easily  understood.  The  elem^its,  as  he 
found  them,  are  not  very  different  from  those  that 
have  since  been  determined  from  more  numerous 
and  more  accurate  observations* 

When  Dr  Herschell  first  made  known  tlm  most 
distant  of  the  planets,  many  astronomers  believed 
that  they  had  discovered  the  source  of  those  dis- 
turbances in  our  system,  which  had  not  yet  been 
explained.  Professor  Robison  was  of  this  number ; 
for  he  tells  us,  in  the  banning  of  his  paper,  that 
he  had  long  thought  that  the  irregularities  in  the 
motion  of  Jupiter  and  Saturn,  which  had  not  been 
explained  by  the  mutual  gravitation  of  the  known 
planets,  were  to  be  accounted  for  by  the  action  of 
planets  of  considerable  magnitude,  beyond  the  or- 
bit of  Saturn.  Subsequent  inquiry,  however,  has 
not  verified  this  conjecture ;  the  irregularities  of 
Jupiter  and  Saturn  have  since  been  fully  explained, 
and  aro  known  to  arise  chiefly  from  their  action  on 
one  another,  a  very  small  part  only  being  owing  to 


'of  PBOFSSSOR  R0BI50K*  151 

that  of  the  Creorgium  Sidus,  or  of  any  of  the  other 
planets. 

The  next  publication  of  Professor  Robiaon  waa 
a  paper  in  the  second  volume  of  the  same  Transao- 
tioila,  *^  On  the  Motion  of  Lights  as  aflPected  bf 
Refracting  and  Reflecting  Substances,  which  are 
themselves  in  Motion."  * 

The  phenomena  of  the  aberration  of  the  fixfed 
flkars  are  well  known  to  depend  on  the  velocity  af 
the  earth's  motion  combined  with  the  vdocity  of 
light  }  the  quantity  of  the  aberration,  when  aU 
other  things  are  given,  being  directly  as  the  first* 
and  inversely  as  the  second.  It  is  not,  howeveiv 
the  general  or  the  medium  velocity  with  which 
light  traverses  spacer  but  it  is  the  particular  velocity 
with  which  it  traverses  the  tube  of  the  telescope^ 
that  determines  the  quantity  of  this  aberration^ 
Were  it  possible,  therefore,  to  increase  or  diminish 
that  velocity,  the  aberration  would  be  diminkhed 
in  the  first  case,  and  increased  in  the  second*  But, 
jaccordmg  to  the  principles  now  generally  rteeived 
in  optics,  the  velocity  of  light  is  increased*  when  it 
traverses  a  denser  medium,  or  ime  in  which  the  re-* 
fraction  is  greater ;  and,  therefore,  were  the  tube  of 
a  telescope  to  be  filled  with  water  instead  o£  air, 
the  aberration  would  be  diminidhed.  Firofessor 
Robison,  and  his  friend  Mr  Wilson^  Professor  of 

*  Edinburgh  TranaiiciuMis,  .Vol.  II.  p*  SB, 
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Astronomy  at  Glasgow,  had  speculated  much  on 
this  subject,  and  made  many  attempts  to  obtain  a 
water  telescope,  but,  hitherto,  without  e&ct.  A 
paper  of  Boscovich*  on  the  same  subject,  seemed  to 
saggest  some  new  views,  that  might  render  the  ex- 
periment more  easy  to  be  made.  That  philosopher 
maintained,  that  in  ascertaining  the  eflfect  of  a  water 
telescope  on  the  motion  of  light,  the  observation  of 
celestial  objects  might  be  dispensed  with,  and  that 
of  terrestrial  substituted  in  its  place.  He  argued, 
that  while  light  moves  with  an  uniform  vdocity, 
the  telescope  must  be  directed,  not  to  the  point  of 
Bpace  which  the  object  occupied  when  the  particle 
was  sent  off  which  is  entering  the  telescope,  but  to 
a  point  advanced  before  it  by  a  space  just  equal  to 
that  which  both  the  object  and  the  observer  have 
passed  over  in  the  time  in  which  the  particle  has 
passed  from  the  object  to  the  eye.  It  is  therefore 
directed  exactly  to  the  place  which  the  object  is  in 
when  the  light  from  it  enters  the  eye.  If,  there* 
fore,  the  ray,  on  entering  the  telescope,  is  made  to 
move  faster  than  it  did  before,  the  telescope  must 
not  be  inclined  so  much,  and  the  apparent  place  of 
the  object  will  fall  behind  its  true  place.  If  the 
ray  is  retarded  on  entering  the  water,  the  contrary 
must  happen.  Hence  a  number  of  very  unexpect* 
ed  phenomena  would  result,  affording,  without  hav- 
ing recourse  to  the  heavenly  bodies,  a  direct  proof 
of  the  motion  of  th^  earth  in  its  orbit,  as  well  as  a 
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reflcdution  of  the  question,  whether  light  is  accele* 
rated  or  retarded  on  passing  from  a  rarer  to  a 
denser  medium.  * 

On  this  reasoning  Professor  Robison  has  very 
well  remarked,  that  it  would  be  just,  if  the  light, 
on  entering  the  water  telescope,  had  only  its  ve- 
locity changed,  and  not  its  direction.  But  this  is 
not  the  case  ;  for  the  ray  that  is  to  go  down  the 
axis  of  the  telescope,  is  not  perpendicular  to  the 
surface  of  die  fluid ;  it  makes  an  angle  with  it,  de- 
pending on  the  di>erration,  and  therefore  in  some 
cases  less  by  SO"  than  a  right  angle.  On  this  ac- 
count, the  eflPect  is  not  produced  which  Boscovich '3 
reasonings  lead  us  to  expect. 

The  sequel  of  the  paper  is  also  full  of  ingenious 
remarks. 

In  December  17S5>  Mr  Robison  was  attacked  by 
a  severe  disorder,  which,  with  but  few  intervals  of 
relaxation,  continued  to  afflict  him  to  the  end  of  his 
life,  and  which,  though  borne  with  much  resigna^ 
tion,  and  resisted  with  singular  fortitude,  could  not 
bat  at  length  impair  both  the  vigour  and  the  conti- 
nuity of  his  exertions.  The  disorder  seemed  to  be 
situated  between  the  urethra  and  the  perineum.  At 
times  it  was  accompanied  with  the  severest  pain,  and 
with  violent  spasms,  which  were  easily  excited.  The 
disease,  however,  was  only  known  by  the  pain  pro- 

*  Boscovich^  Opera  Math.  Tom.  II.  Opusc.  3. 
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duced  ;  and  never,  bj  any  visiUe  or  palpidile  synp^ 
toiiii  gave  informatioD  of  its  nature,  as  no  change  in 
the  parts  which  were  the  seat  of  it  conld  ever  be  ob* 
served.  A  eomplaint  of  this  natoie,  it  is  evident, 
most  have  kss  chance  of  being  rMooved  than  any 
other ;  and  it  accordhigly  baffled  the  art  of  the 
CDOSt  skilful  medical  men,  both  in  Edinburgh  and 
liOndon* 

Notwithstanding  this  state  of  soffisring,  his  gene* 
raL  health  was  not,  for  a  long  time,  materially  injmv 
ed,  nor  the  powers  of  his  mind  rdaxed,  so  Aat  he 
continued  to  [Nrosecute  study  widi  vigour  and  steadi^ 
ness.  A  malady  which  was  both  severe  and  chroiii« 
cal,  admitted  of  no  palliative  so  good  as  the  oomfbft 
of  domestic  society,  which  Mr  Robisoa  hapfnly  en* 
joyed,  having  married  soon  after  he  settled  in  Edin* 
burgh.  The  care  and  attention  of  Mrs  Robiaon, 
and  the  affectionate  regards  of  his  children,  as  they 
grew  up,  were  blessings  to  wbidi,  with  ail  his  ha« 
bits  of  study  and  abstraction,  be  was  ever  perfectly 
alive. 

This  indispontion  did  not  prevent  him  from  en* 
gaging,  about  this  time,  in  a  very  laborioos  under* 
taking.  A  work,  with  the  title  of  Encyclopiedia 
Britannica,  undertaken  at  Edinburgh  several  years 
before  this  period,  was  now  undeigoing  a  third 
edition,  in  which  it  was  to  advance  from  three  to 
eighteen  volumes.  Twelve  of  these  had  been  aU 
ready  published,  under  the  direction  of  the  original 
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editor»  Mr  Colin  Macfarquhar,  wheii»  on  his  death, 
the  task  of  coDtinuing  the  work  was  committed  to 
the  care  of  the  Reverend  Dr  Gleig ;  and  about  the 
same  time  Professor  Robison  became  a  contributor 
to  it.  He  was  the  first  contributor  who  was  profess* 
edly  and  really  a  man  of  science ;  and  £rom  that 
time  the  Encyclops^a  Britannica  ceased  to  be  a 
mere  compiktion.  Dictionaries  ofarts  and  sciences^ 
in  this  idandy  had  hitherto  been  little  else  than  com-^ 
pilations ;  and,  though  in  France,  the  co*operation 
of  some  of  the  most  profound  and  enlightened  men 
of  the  age  had  produced  a  work  of  great  merit  and 
celebrityi  with  us  compositions  of  the  same  class  had 
been  committed  to  the  hands  of  very  inferior  art- 
ists. The  accession  of  Fh)fessor  Robison  was  an 
event  of  great  importance  in  the  history  of  the 
above  publication. 

It  was  in  the  year  179S  that  he  began  to  write  in 
this  book,  and  it  was  at  the  article  Optics,  with  him 
m  very  &vourite  science,  that  his  labours  commen- 
ced. From  that  time  he  continued  to  enrich  the 
Encydopeedia  with  a  variety  of  valuable  treatises, 
till  its  completion  in  18U1. 

The  general  merit  of  the  articles  thus  composed 
makes  it  difficult  to  point  out  particulars.  Tho^ 
in  which  theoretical  ^nd  {uractical  knowledge  are 
combined  are  of  distinguidied  merit ;  auch  are  Sea? 
manship.  Telescope,  Roof,  Water-works,  Resist- 
ance of  Fluids,  Running  of  Rivers.     To  these  | 
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must  add  the  articles  Electricity  and  Magnetism  in 
the  Supplementi  Tvhere  the  theories  of  ^pinus  are 
laid  down  with  great  clearness  and  precision,  as  well 
as  with  very  considerable  improvements*  In  ascer- 
tainiDg  the  law  of  the  electric  attraction,  his  e^tpe- 
riments  were  ingenious,  as  well  as  original,  and  af- 
forded an  approximation  to  the  result  which  the 
great  skill  and  the  excellent  apparatus  of  Coulomb 
have  since  exactly  ascertained.  In  the  Supplement 
is  also  contuned  a  very  full  account  of  the  Theory 
of  Boscovich,  a  subject  with  which  he  was  much 
delighted,  and  which  he  used  to  explain  in  his  lec-^ 
tures  with  great  spirit  and  elegance. 

These  articles,  if  collected,  would  form  a  quarto 
volume  of  more  than  a  thousand  pages.  I  am  per- 
suaded, that,  when  brought  together,  and  arranged 
by  themselves,  they  will  make  an  acceptable  pre* 
sent  to  the  public ;  and  I  have  the  satisfaction  to 
state,  that  such  a  work  is  now  preparing,  under  the 
direction  of  an  editor,  whose  remarks  or  corrections 
cannot  but  add  greatly  to  its  value.  Notwithstand- 
ing the  merit  which  the  separate  articles  possess, 
they  are  not  entirely  free  from  the  faults  incident  to 
whatever  is  composed  for  a  work  already  in  the 
press.  The  condensation  and  arrangement,  to 
which  time  is  such  an  essential  condition,  even  with 
men  of  the  first  talents,  must  be  often  wanting,  in 
such  circumstances  ;  and  there  are,  accordingly,  in 
the  articles  now  referred  to,  a  diffuseness,  and 
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sometimes  a  want  of  order,  that  may  easily  be  cor- 
rected, without  injuriDg  the  authenticity  of  the 
work. 

Though  the  Encyclopaedia  employed  Profes- 
sor Robison  very  much  during  the  whole  of  the  se- 
ven years  that  it  continued,  he  nevertheless  found 
leisure  for  some  researches  of  a  very  different 
nature*  At  the  period  of  wjiich  I  now  speak,  the 
French  Revolution  had  arrested  the  attention,  and 
excited  the  astonishment  of  all  Europe ;  and  the 
satisfaction  with  which  the  first  efforts  of  a  nation 
to  assert  its  liberties,  had  been  hailed  from  all 
quarters,  was,  by  the  crimes  and  excesses  which 
followed,  quickly  converted  into  grief  and  indigna- 
tion. A  body  was  put  in  motion  sufficient  to 
crush  whole  nations  under  its  weight ;  none  had 
the  power  or  the  skill  to  direct  its  course ;  what 
movements  it  might  communicate  to  other  bodies, 
how  far  it  would  go,  or  in  what  quarter,  it  seem- 
ed impossible  to  foretell.  The  amazement  be- 
came general;  no  man  was  so  abstracted  from 
the  pursuits  of  the  world,  or  so  insulated  by  pecu- 
liarities of  habit  and  situation,  as  not  to  feel  the  ef- 
fects of  this  powerful  concussion.  All  fixed  their 
eyes  on  the  extraordinaiy  spectacle  which  France 
exhibited ;  where,  if  time  is  to  be  measured  by  the 
succession  of  events,  a  year  was  magnified  into  an 
age  -,  and  when  in  a  few  months  one  might  behold 
more  old  institutions  destroyed,  and  moro  new  ones 
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projected  or  beguD»  than  in  all  the  ten  oentn^ 
ties  which  had  elapsed  between  Charlemagne  and 
the  last  of  his  successors  )-^n  a  word,  where 
the  ancient  edificoi  founded  in  the  ages  of  bar- 
barism with  such  apparent  solidity^  strengthened 
and  adorned  in  the  progress  of  ciTilisation  with  so 
much  skill  and  labour,  was  in  one  moment  levelled 
with  the  dust.  A  general  state  of  alarm  and 
distrust  was  the  ^ect  q£  the  convulsions  which  men 
saw  every  where  around  them ;  where  the  institu- 
tions held  as  sacred  firom  their  origin,  or  venerable 
firom  their  antiquity^  and  essential  to  the  order 
of  society,  were  seen,  not  falling  to  pieces  from  na- 
tural decay,  but  blown  up  by  the  force  of  a  sudden 
and  unforeseen  ex[dosion.  From  such  a  condition 
of  the  world,  jealousy  and  credulity  could  not  fail 
to  arise.  When  danger  is  all  around*  eyery  thing 
is  of  course  suspected ;  and  when  the  ordinary  con- 
nection between  causes  and  e£Pects  cannot  be  traced, 
men  have  no  means  of  distinguishing  between 
the  probable  and  the  improbable ;  so  that  their  opi- 
nions are  dictated  by  their  prejudices,  their  impres- 
sions, and  their  fears.  Such,  accordingly,  was  the 
state  into  which  men's  minds  were  brought  at  this 
extraordinary  crisis;  and  even  in  this  country, 
removed,  as  we  were,  from  the  drager,  by  so 
strong  a  barrier  of  causes,  both  moral  and  physical, 
the  alarm  was  general  and  indiscriminate.  The 
progress  of  knowledge  was  supposed  by  many  to  be 
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the  cause  of  the  disorder ;  panegyrics  on  ignoraiice 
and  prejudice  were  openly  pronounced  i  the  serious 
and  the  gay  joined  in  declaiming  against  reason  and 
philosophy;  and  all  seemed  to  foiget,  that  when 
reason  and  philosophy  have  erred,  it  is  by  themselves 
alone  that  their  errors  can  be  corrected. 

The  fears  that  had  tiius  taken  possession  of  men's 
minds  were  often  artificially  increased.  It  was  sup- 
posed that  the  general  safety  depended  on  the  ge- 
neral alarm ;  that  the  more  the  terror  was  extended, 
the  more  would  the  object  of  it  be  resisted; 
and  hence,  doubtless,  many  felt  it  their  interest, 
and  some  considered  it  their  duty,  to  magnify  the 
danger  to  which  the  public  was  exposed. 

It  is  evident,  that  an  inquiry  into  the  causes 
of  the  French  Revolution,  undertaken  at  a  moment 
of  such  agitation,  was  not  likely  to  bear  the  review 
of  times  of  calm  and  sober  reflection.  It  was 
at  this  moment,  however,  and  under  the  influence 
of  such  impressions,  that  Mr  Bobison  undertook  to 
explain  the  causes  of  that  revolution.  He  was 
deeply  affi^cted  by  the  scenes  that  were  passing  bo- 
fore  him.  He  possessed  great  sensibility,  and  lus 
mind,  peculiarly  alive  to  immediate  impressions, 
felt  strongly  the  danger  to  which  the  social  order 
of  eveiy  nation  seemed  now  to  be  exposed*  The 
crimes  which  the  name  of  Liberty  had  been  employ*- 
ed  to  sanction,  filled  him  with  indignation,  and  the 
contempt  of  reUgion»  affected  by  many  of  the  lead- 
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era  of  the  Revolution,  wounded  those  sentiments  of 
piety  which  he  had  uniformly  cherished  fnun  his 
early  youth. 

In  such  circum^ances,  a  mind  accustomed  to  in- 
quire into  causes,  as  his  had  long  been,  could 
not  abstain  from  the  attempt  to  trace  the  sources  of 
so  extraordinary  a  succession  of  events.  As  to  the 
circumstances  which  first,  led  him,  and  led  him, 
I  think,  so  unhappily,  to  look  for  those  sources  in 
the  institutions  of  Free  Masonry,  or  in  the  combi- 
nation of  some  German  mystics,  I  have  nothing  sa^ 
tisfactory  to  offer.  He  was  accustomed  to  refined 
and  subtle  speculations,  and  naturally  entertained 
a  partiality  for  theories  that  called  into  action 
the  powers  by  which  he  was  peculiarly  distinguish- 
ed. 

In  1797>  he  published  a  book,  entitled  '<  Proofs 
of  a  Conspiracy  against  all  the  Religions  and  Gro- 
vemments  of  Europe."  He  supposes  that  this 
conspiracy  originated  in  the  lodges  of  the  Free^ 
Masons,  but  that  it  first  assumed  a  r^ular  form  in 
the  hands  of  certain  philosophic  fanatics,  distin« 
guished  in  Germany  by  the  name  of  lUuminati ; 
that  after  the  suppression  of  this  society  by  the  au- 
thority of  government,  the  spirit  was  kept  alive  by 
what  was  called  the  German  Union ;  that  its  prin- 
ciples gradually  infected  most  of  the  philosophers  of 
France  and  Germany,  and  lastly  broke  forth  with 
full  force  in  the  French  Revolution. 
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The  history  of  lUuminatism,  as  it  is  called, 
forms  the  principal  part  of  the  work ;  and  on  a 
subject  involved  in  great  mystery,  where  all  the 
evidence  came  through  the  hands  of  friends  or 
of  enemies,  it  was  exceedingly  difficult  for  one  liv- 
ing in  a  foreign  country,  and  a  stranger  to  the  pub- 
lic opinion,  to  obtain  accurate  information.  Ac- 
eordingly,  the  events  related,  and  the  characters 
described,  as  proofs  of  the  conspiracy,  are  of  so  ex- 
traordinary a  nature,  that  it  is  difficult  to  persuade 
one's  self  that  the  original  documents  from  which 
Mr  Robison  drew  up  his  narrative  were  entitled  to 
all  the  confidence  which  he  reposed  in  them. 

I  do  not  mean  to  question  the  general  fact, 
that  there  did  exist  in  Germany  a  society  having 
the  vanity  to  assume  the  name  just  mentioned,  and 
the  presumption  or  the  simplicity  to  believe  that  it 
could  reform  the  world.  In  a  land  where  the  ten- 
dency to  the  romantic  and  the  mysterious  seems  so 
general,  that  even  philosophy  and  science  have  not 
escaped  the  infection,  and  in  states  where  there  is 
much  that  requires  amendment,  it  is  not  wonderful 
if  associations  have  been  formed  for  redressing  griey- 
acnces,  and  reforming  both  religion  and  government. 
Some  men,  tnily  philanthropic,  and  others,  merely 
profligate,  may  have  joined  in  this  combination ; 
the  former,  very  erroneously  supposing,  that  the 
interests  of  truth  and  of  mankind  may  be  advanced 
by  cabal  and  intrigue ;  and  the  latter,  more  wisely 

VOL.  IV.  t, 
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concluding,  that  these  are  engines  well  adapted  to 
promote  the  dissemination  of  error,  and  the  schemes 
of  private  aggrandisement*  An  ex-Jesuit  may 
have  been  the  author  of  this  ^an»  and  whetha:  he 
belonged  to  the  former  or  the  latter  class,  may 
have  chosen  for  the  model  of  the  new  arrangement, 
tibtose  institutions  which  he  knew  from  experience 
to  be  well  adapted  for  exercising  a  strong  but 
secret  influence  in  the  direction  of  human  affitirs. 

In  all  this  there  is  nothing  incredible;  but 
the  same,  I  think,  cannot  be  asserted,  wben  the 
particulars  are  examined  in  detail.  It  is  extreme- 
ly difficult,  as  has  already  been  remarked,  for  a  fo* 
re^ner,  in  such. circumstances  as  Mr  Robison's,  to 
a^oid  delusion,  or  to  determine  hetvreen  the  differ- 
ent kinds  of  testimony  of  which  he  must  make  use. 
With  me,  who  have  no  access  to  the  original  docu- 
ments, and  if  I  had,  who  have  neither  leisure 
nor  inclination  to  examine  them,  an  opinion  can  on- 
ly be  formed  from  the  internal  evidence,  that 
is,  from  the  nature  of  the  facts,  and  the  style 
in  which  they  are  recorded.  The  style  of  the 
works  from  which  Mr  Robison  composed  his  nar- 
rative, is  not  such  as  to  inspire  confidence ;  for, 
wherever  it  is  quoted,  it  is  that  of  an  angry  and  in- 
flated invective.  The  facts  themselves  are  alt<^- 
ther  singular,  arguing  a  depravity  quite  unexampled 
in  aH  the  votaries  of  illumination.  From  the  per- 
usal of  the  whole,  it  is  impossible  not  to  conclude. 
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that  the  alarm  excited  by  the  French  Revolution 
had  produced  in  Mr  Robison  a  degree  of  credidity 
which  was  not  natural  to  him.  The  suspicion  with 
which  he  seems  to  view  every  person  on  the  conti-* 
nent,  to  whom  the  name  of  a  philosopher  can  be  ap- 
pliedy  and  the  terms  of  reproach  and  contempt 
to  which,  whether  as  individuals  or  as  bodies,  they 
are  always  subjectedi  make  it  evident  that  the  nar- 
rative is  not  impartial,  and  that  the  author  was  pre* 
pared,  in  certain  cases,  to  admit  the  slightest 
presumption  as  clear  and  irrefragable  evidence 
When,  indeed,  he  speaks  of  such  obscure  men  a6 
composed  the  greater  part  of  the  supposed  conspira* 
tors,  we  have  no  direct  means  of  determining  in 
what  degree  he  has  been  nnsled.  But  when  we  see 
the  same  sort  of  suspicion  and  abuse  directed 
against  the  best  known  and  most  justly  celebrated 
characters  of  the  age,  we  cannot  but  lament  the 
prejudices  which  had  taken  possession  of  an  under- 
standing in  other  matters  so  acute  and  penetrat* 
ing* 

Among  the  men  engaged  in  public  aflbirs,  of 
whom  Europe  boasted  during  the  last  century, 
there  was  perhaps  none  of  a  higher  character  thati 
Turgot,  who,  to  the  abilities  of  a  statesman,  added 
the  views  of  a  philosopher ;  was  a  man  singularly 
patriotic  and  disinterested,  distinguished  by  the 
virtues  both  of  public  and  private  life,  and  having, 
indeed,  no  fault  but  that  of  being  too  good  for  the 
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times  in  which  he  lived.  Yet  Mr  Robison  has 
charged  this  upright  and  humane  minister  with  an 
exercise  of  power,  which  would  argue  the  most  ex- 
treme deprayity.  He  states,  *  that  there  existed 
in  Paris  a  combination  under  the  direction  of  the 
Wits  and  Philosophers,  who  used  to  meet  at  the 
house  of  Baron  D'Holbach,  having  for  its  object 
the  dissection  of  the  brains  of  living  children,  pur- 
chased from  poor  parents,  in  order  to  discover  the 
principle  of  vitality.  The  police,  he  adds,  inter- 
posed to  put  a  stop  to  these  bloody  experiments, 
but  the  authors  of  them  were  protected  by  the  cre- 
dit of  Turgot. 

All  this  is  assarted  on  the  authority,  it  should 
seem,  of  some  anonvmoas  German  publication.  I 
will  not  enter  on  the  nrilutatiou  of  a  calumny  with 
the  fabrication  of  which  Mr  Robison  is  not  charge- 
able, though  cuIpaMe^  without  doubt,  for  having  al- 
lowed his  writings  to  become  the  vehicle  of  it. 
Truth  and  justice  require  this  acknowledgment ; 
and»  in  making  it»  I  think  that  I  am  discharging  a 
duty  biHh  to  Mr  Ki^son  and  myself: — It  is  a 
duty  to  Mr  K\^$0)U»  in  as  much  as  a  concession 
made  by  a  tnemU  is  better  than  one  extorted  by 
an  atlxersarv ;  it  i:^  a  duty  to  myself,  because  I 
should  (W)  that  I  was  doing  wrong,  were  J  even 
by  sKileiuv  to  ai\)uiesce  in  a  representation  which  I 
l^iewnl  to  U^  so  ill-founded  and  unjust. 


•  I Vna^  xtf  ii  Conspiracy,  &c.  4.th  Edit  Note,  p.  584. 
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The  Proofs  of  the  Conspiracy,  notwithstanding 
these  imperfections,  or  perhaps  on  account  of  them, 
were  extremely  popular,  and  carried  the  name  of 
the  author  into  places  where  his  high  attainments 
in  science  had  never  gained  admission  for  it.  In 
the  course  of  two  years,  the  book  underwent  no 
less  than  four  editions.  It  is  a  strong  proof  of  the 
effect  on  the  minds  of  men  produced  by  the  French 
Revolution  ;  and  of  the  degree  in  which  it  engros- 
sed their  thoughts,  that  the  history  of  a  few  ob- 
scure enthusiasts  in  Bavaria  or  Wirtemberg,  when 
it  became  associated  with  that  Revolution,  was 
read  in  Britain  with  so  much  avidity  and  atten- 
tion. 

The  defects  of  the  evidence  were  concealed  by 
the  prejudices  and  apprehensions  which  were  then  so 
general.  The  people  of  this  country  were  dispos- 
ed to  believe  every  thing  unfavourable  to  the 
French  nation,  but  particularly  to  the  philosophers. 
All  might  not  be  equally  culpable,  but  to  discri- 
minate between  them  was  not  thought  of  much 
importance,  and  it  was  the  simplest,  if  not  the 
fairest  way,  to  divide  the  demerit  equally  amoiig 
the  whole.  The  rhapsodies  of  Barruel  had  already 
prepared  the  public  for  such  impartial  decisions, 
and  had  held  up  every  man  of  genius  and  talents, 
from  Montesquieu  to  Condorcet,  as  objects  of  hat- 
red and  execration. 

But  whatever  opinion  be  formed  of  the  facts  re- 
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lated  in  the  history  o£  this  coDSfiiucYf  it  is  certaioi* 
ly  not  in  the  visions  of  the  Gennaa  lUuminatiy  nor 
in  the  ceremonials  of  Free-masonry,  that  we  are  to 
•eek  for  the  causes  of  a  revolution,  which  has  shaken 
the  civilised  world  from  its  foundations,  and  left  be- 
hind it  so  many  marks,  which  ages  will  be  required 
to  efiace.  There  is  a  certain  proportionality  between 
causes  and  their  efifects,  which  we  must  expect  to 
meet  with  in  the  moral  no  less  than  in  the  natural 
world ;  in  the  operations  of  men,  as  well  as  in  the 
motions  of  inanimate  bodies.     Whenever  a  great 
mass  of  mankind  is  brought  to  act  togrther,  it  must 
be  in  consequence  of  an  impulse  cmnmunicated  to 
the  whole,  not  in  consequence  of  a  force  that  can 
act  only  on  a  few.     A  hermit  or  a  saint  might 
have  preached  a  crusade  to  the  Holy  Land  with  all 
the  eloquence  which  enthusiasm  could  inspire ;  but 
if  a  spirit  of  fanaticism  and  of  chivalry  had  not  per- 
vaded every  individual  in  that  age,  they  would  ne- 
ver have  led  out  the  armies  of  Europe  to  combat 
before  the  walls  of  Jerusalem.     Neither  could  the 
influence  of  a  small  number  of  religious  or  philoso- 
phic fanatics,  sensibly  accelerate  or  retard  those 
powerful  causes  which  prepared  from  afiir  the  de- 
struction of  the  French  monarchy.   When  opposed 
to  these  causes,  such  influence  was  annihilated; 
when  co»operating  with  them,  its  effects  were  im- 
perceptible.   It  was  a  force  which  could  only  follow 
those  already  in  action  ;  it  was  like  **  dashing  with 
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the  oar  to  hasten  the  cataract/'  or,  *^  waytng  with 
a  fan  to  give  swiftness  to  the  wind/'  * 

It  is,  however,  much  easier  to  say  what  were  noti 
than  what  were,  the  causes  of  the  French  Revolu- 
tion ;  and  in  dissenting  from  Professor  Robison,  I 
will  only  remark  in  general,  that  I  believe  the  prin^ 
cipal  causes  to  be  involved  in  this  maxim.  That  a 
certain  relation  between  the  degree  of  Knowledge 
diffused  through  a  nation,  and  the  degree  of  Poli- 
tical Liberty  enjoyed  by  it,  is  necessary  to  the  sta- 
bility of  its  government.  The  knowledge  and  J»- 
ibrmation  of  the  French  people  exceeded  the  mea* 
sure  that  is  consistent  with  the  entire  want  of  poli* 
tical  liberty.  The  first  great  exigency  of  govern* 
ment,  therefore,  the  first  moment  of  a  weak  admi* 
nistration,  could  hardly  fail  to  produce  an  attempt 
to  obtain  possession  of  those  rights,  which,  though 
never  enjoyed,  can  never  be  alienated.  Such  an 
occasion  actually  occurred,  and  the  revolution  which 
took  place  was  entire  and  terrible.  This  also  was 
to  be  expected  i  for  there  seems  to  be  among  poll- 
tical  institutions,  as  among  mechanical  contrivances, 
two  kinds  of  equilibrium,  which,  though  they  ap- 
pear very  much  alike  in  times  of  quiet,  yet,  in  tba 
moment  of  agitation  and  difficulty,  are  discovered; 
to  be  very  different  from  one  another.     The  one  is 


•  Ferguson's  Essay  on  Civil  Society,  Part  III.  Sect.  4u 
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tottering  and  insecure,  in  so  much  that  the  smallest 
departure  from  the  exact  balance  leads  to  its  total 
subversion.  The  other  is  stable,  so  that  even  a 
violent  concussion  only  excites  some  vibrations 
backward  and  forward,  after  which  every  thing 
settles  in  its  own  place.  Those  governments  in 
which  there  is  no  poUtical  liberty,  and  where  the 
people  have  no  influence,  are  all  unavoidably  in  the 
first  of  these  predicaments  :  those  in  which  there  is 
a  broad  basis  of  liberty,  naturally  belong  to  that  in 
which  the  balance  re-establishes  itself.  The  same 
weight,  that  of  the  people,  which  in  the  first  case 
tends  to  overset  the  balance,  tends  in  the  second  to 
restore  it :  and  hence,  probably,  the  great  differ- 
ence between  the  result  of  the  French  Revolution^ 
and  of  the  revolutions  which  formerly  took  place  in 
this  country. 

It  will  be  happy  for  mankind,  if  they  learn  from 
these  disasters,  the  great  lessons  which  they  seem 
so  much  calculated  to  enforce,  and  if,  while  the 
people  reflect  on  the  danger  of  sudden  innovation, 
their  rulers  consider,  that  it  is  only  by  a  gradual 
reformation  of  abuses,  and  by  extending,  rather 
than  abridging,  the  liberties  of  the  people,  that  a 
remedy  can  be  provided  against  similar  convulsions. 

But  I  return  willingly  from  this  digression,  to 
those  branches  of  knowledge,  where,  in  describing 
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what  Mr  Robison  has  done,  the  language  of  truth 
and  of  praise  will  never  be  found  at  variance  with 
one  another. 

In  autumn  1799}  this  country  had  the  misfor- 
tune to  lose  one  of  its  brightest  ornaments,  Dr 
Bkck,  who  had  laid  the  foundation  of  the  Pneu- 
matic Chemistry,  and  discovered  the  principle  of 
Latent  Heat.  The  Doctor  had  published  very 
little ;  and  his  discoveries  were  more  numerous 
than  his  writings.  His  lectures,  however,  had 
drawn  much  attention  ;  they  presented  the  first 
philosophical  views  of  chemical  science  ;  they  were 
remarkable  for  their  perspicuity  and  elegance,  and 
this,  joined  to  the  simplicity  and  gracefulness  of 
manner  in  which  they  were  delivered,  made  them 
universally  admired.  It  was  now  proposed  to  pub* 
lish  these  lectures ;  but  this  ftquired  that  they 
should  be  put  into  the  hands  of  some  one  able  to 
perform  the  part  of  an  editor,  and  to  prepare  for 
the  press  the  notes  from  which  the  Doctor  used  to 
read  his  lectures.  The  person  naturally  thought 
of  was  Mr  Robison,  one  of  Dr  Black's  oldest  friends^ 
and  so  well  skilled  in  chemistry,  that  no  one  could 
be  supposed  to  execute  the  work  with  more  zeal  or 
more  intelligence.  The  task,  however,  was  by  no 
means  easy.  Dr  Black,  with  a  very  large  share  of 
talent  and  genius,  with  the  most  correct  taste  and 
soundest  judgment,  with  no  habits  that  could  dissi- 
pate his  mind,  or  withdraw  it  from  the  pursuits  of 
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science,  was  less  ardent  in  research,  and  less  stfanu- 
lated  by  the  love  of  fame,  than  inight  have  been 
expected  from  such  high  endowments.  A  state  of 
health  always  delicate,  and  subject  to  be  deranged 
by  slight  accidents,  was  probably  the  cause  of  this 
indiflference.  Hence  the  small  number  of  his  writ- 
ings, and  his  sudden  stop  in  that  career  of  discovery 
on  which  he  had  entered  with  such  brilliancy  and 
success*  Of  much  that  he  had  done,  the  world  had 
never  heard  any  thing,  but  from  verbal  communi- 
cation to  his  pupils,  and  on  the  subject  of  latent 
heat,  no  written  document  remained  to  ascertain  to 
him  the  property  of  that  great  discovery.  The 
only  means  of  repairing  this  loss,  and  counteracting 
the  injustice  of  the  world,  was  the  publication  which 
Professor  Robison  now  undertook  with  so  much 
seal,  and  executed  with  so  much  ability.  Dr  Black 
had  used  to  read  his  lectures  from  notes,  and  these 
often  but  very  imperfect,  and  ranged  in  oi-der  by 
marks  or  signs  only  known  to  himself.  The  task 
of  editing  them  was  therefore  difficult,  and  requir* 
ed  a  great  deal  both  of  time  and  labour,  but  was  at 
last  accomplished  in  a  manner  to  give  great  satisfac- 
tion. The  truth,  however,  is,  that  the  time  was  past 
when  this  work  would  have  met  in  the  world  with 
the  reception  which  it  deserved.  Chemical  theories 
had  of  late  undergone  great  changes,  and  the  Ian* 
guage  of  the  science  was  entirely  altered.  Dr 
Black,  on  the  subject  of  these  changes,  had  cor* 
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responded  with  Lavoisier,  and  the  mutual  respect 
of  two  great  men  for  one  another,  was  strongly 
marked  in  the  letters  which  passed  between  them. 
The  Doctor  had  acceded  to  the  changes  proposed 
by  the  French  chemist,  and  had  even  adopted  the 
new  nomenclature ;  but  his  notes  had  not  under- 
gone the  alterations  which  were  necessary  to  intro- 
duce it  throughout.     It  would  now  have  been  dif- 
ficult to  make  those  alterations  ;  and  Mr  Robison, 
who  was  not  favourable  to  the  new  chemistry,  did 
not  conceive  that,  by  making  them,  he  was  per- 
manently serving  the  interest  of  his  friend.     He 
conceived,  indeed,  that  there  was  un&imess  in  the 
means  employed  by  Lavoisier,  for  bringing  Dr 
Black  to  i^opt  the  new  system  of  chemistry,  and 
has  thrown  out  some  severe  reflections  on  the  con- 
duct of  the  former,  which  appear  to  me  to  rest  on 
a  very  slight  foundation* 

It  was  quite  natural  for  a  man,  convinced  like 
Lavoisier,  of  the  importance  of  the  improvements 
which  he  had  made  in  chemistry,  to  be  desirous 
that  they  should  be  received  by  the  most  celebrat- 
ed Professor  of  that  time, — by  the  very  man,  too, 
whose  discoveries  had  opened  the  way  to  those  im- 
provements. His  letters  to  Dr  Black  contain  ex- 
pressions of  respect  and  esteem,  which,  I  confess, 
appear  to  me  perfectly  natural,  and  without  any 
thing  like  exaggeraticm  or  deceit.     Indeed,  it  is 
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not  probable  that  M.  Lavoisier^  even  if  he  could 
himself  have  submitted  to  flatter  or  cajole,  could 
conceive  that  any  good  effect  was  to  arise  from  do- 
ing so,  or  that  there  was  any  other  way  of  inducing 
a  grave,  cautious,  and  profound  philosopher,  to 
adopt  a  certain  system  of  opinions,  but  by  con- 
vincing him  of  their  truth.  He  had,  with  those 
who  knew  him,  the  character  of  a  sincere  man, 
very  remote  from  any  thing  like  art  or  affectation. 
We  must,  therefore,  ascribe  the  view  which  Mr 
Robison  took  of  this  matter,  to  the  same  system  g£ 
prejudices  on  which  we  have  had  already  occasion 
to  animadvert.  Such,  indeed,  was  the  force  of 
those  prejudices,  that  he  considered  the  Chemical 
Nomenclature,  the  new  System  of  Measures,  and 
the  new  Kalendar,  as  all  three  equally  the  contri- 
vances of  men,  not  so  much  interested  for  science^ 
as  for  the  superiority  of  their  own  nation.  Now, 
whatever  be  said  of  the  Kalendar,  the  project  of 
uniform  Weights  and  Measures  is  admitted  to  be 
an  admirably  contrived  system,  which  Britain  is 
now  following  at  a  great  distance ;  and  the  New 
Nomenclature  of  Chemistry  to  be  a  real  scientific 
improvement,  adopted  all  over  Europe.  Many  of 
the  radical  words  may  depend  on  false  theories, 
and  may  of  course  require  to  be  changed ;  but 
though  the  matter  pass  away,  the  form  will  remain ; 
the  words  of  the  language  may  perish^  but  the 
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mould  in  which  the  language  was  cast  will  never  be 
destroyed.  *    The  Lectures  appeared  in  1 803. 

The  last  of  Mr  Robison's  works  was  one  which 
he  had  long  projected,  though  he  now  set  about 
the  completion  and  arrangement  of  it,  for  the  first 
time.  It  was  entitled,  Elements  of  Mechanical 
Philosophy,  being  the  substance  of  a  Course  of  Lec- 
tures on  that  Science.  '*  Mechanical  Philosophy'' 
was^  with  him,  a  favourite  expression  ;  it  was  un- 
derstood as  synonymous  with  Natural  Philosophy, 
and  included  the  same  branches.  The  first  volume, 
the  only  one  he  lived  to  finish,  included  D3n2amics 
and  Astronomy,  and  was  published  in  1804.  It  is 
a  work  of  great  merit,  and  is  accessible  to  those 
who  have  no  more  than  an  elementary  knowledge 
of  the  mathematics.  The  short  view  of  the  phe- 
nomena prefixed  to  the  Physical  Astronomy  is  exe- 
cuted in  a  masterly  manner.  The  same  may  be  said, 
and  perhaps  even  with  more  truth,  of  the  Physical 

*  The  high  opinion  which  Mr  Robison  elsewhere  expres- 
ses of  Lavoisier  is  very  remarkable.  In  his  Astronomy, 
published  a  year  after  the  Lectures,  in  stating  Hooke's  anti- 
cipation of  the  Principles  of  Gravitation,  he  concludes  thus : 
"  It  is  worthy  of  remark,  that  in  this  clear  and  candid  and 
modest  exposition  of  a  rational  theory,  Hooke  anticipated  the 
discoveries  of  Newton,  as  he  anticipated  with  equal  distinct- 
ness  and  precision  the  discoveries  of  Lavoisier,  a  philosopher 
inferior  perhaps  only  to  Newton."  (Elements  of  Mechani- 
cal Philosophy,  p.  285.) 
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Astronomy  itself ;  for  there  are  very  few  of  the 
elementary  treatises  on  that  branch  of  sciraoe 
which  can  be  compared  with  it,  either  for  the  fa- 
cility of  the  demonstration,  or  the  comprehenaiTe^ 
ness  of  the  plan.  The  first  part  is  meant  to  be 
popular  and  historical,  and  is  so  at  the  same  time 
that  it  is  philosophical  and  precise.  The  work  is 
indeed  highly  estimable,  and  is  entitled  to  much 
more  success  in  the  world  than  it  has  actually  had. 
We  have  already  taken  notice  of  Mr  Robison^a 
illness,  with  which  he  had  been  now  afliicted  for 
the  long  period  of  nineteen  years.  His  suffieringSp 
though  not  equal,  had  been  often  extremely  se- 
vere. They  had  occasionally  rendered  him  unable 
to  discharge  his  duty  in  the  College,  and  of  late  his 
friend,  the  Reverend  Dr  Thomas  Macknight,  had^ 
with  great  kindness  and  ability,  frequently  su]^lied 
his  place.  Against  such  a  continuance  of  ill  health, 
with  so  little  hopes  of  recovery  as  could  be  enter* 
tained  for  a  long  time  past,  hardly  any  mind  could 
be  expected  to  remain  in  full  possession  of  activity 
and  vigour.  This  is  the  more  difficult,  as  the  va- 
luable medicine  which  alone  in  such  cases  can  as« 
suage  pain,  contributes  itself  at  length  to  weaken 
the  mind,  and  to  destroy  its  energy.  The  combat 
which  Mr  Robison  had  maintained  against  these 
complicated  evils,  had  indeed  been  wonderfully 
vigorous  and  successful,  and  the  last  of  his  works 
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is  quite  worthy  of  his  days  of  most  perfect  health 
and  enjojment. 

Ilie  body  could  not  resist  so  wdQ  as  the  mind. 
In  the  end  of  January  1805,  he  was  suddenly  seiz- 
ed with  a  severe  illness,  which  put  an  end  to  his 
life  in  the  course  of  forty-eight  hours.  There  was 
a  general  disturbance  of  the  system,  which,  with- 
oat  having  the  character  of  any  defined  disease, 
exhibited  those  symptoms  of  universal  disorder 
which  denote  a  breaking  up  of  the  constitution, 
and  never  fail  to  terminate  fatally. 

On  reviewing  the  whole  of  his  character,  and  the 
circumstances  of  his  life,  it  is  impossible  not  to  see 
in  him  a  man  of  extraordinary  powers,  who  had  en- 
joyed great  importunities  for  improvement,  and  had 
never  failed  to  turn  them  to  the  best  account.  He 
possessed  many  accomplishments  rarely  to  be  met 
with  in  a  scholar,  or  a  man  of  science.  He 
had  great  skill  and  taste  in  music,  and  was  a  per- 
former on  several  instruments.  He  was  an  excel- 
lent drai^btsman,  and  could  make  his  pencil  a  va- 
luable instrument  either  of  record  or  invention. 
When  a  young  man,  he  was  gay,  convivial^  and  &- 
eetioufi,  and  his  vers  de  societe  flowed^  1  have  been 
tdd,  canly,  and  with  great  e£Pect.  His  appearance 
and  manner  were  in  a  high  degree  &vourable  and 
imposing ;  his  figure  handscMne,  and  his  fiu^  ex- 
pneesive  of  talent,  thou^it,  gentleness,  and  good 
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temper.  When  I  had  first  the  pleasure  to  become 
acquainted  with  him,  the  youthful  turn  of  his  coun- 
tenance and  manners  was  beginning  to  give  place 
to  the  graTc  and  serious  cast,  which  he  early  as- 
sumed ;  and  certunly  I  have  never  met  with  any 
one  whose  appearance  and  conversation  were  more 
impressive  than  his  were  at  that  period. 

Indeed,  his  powers  of  conversation  were  very  ex- 
traordinary, and  when  exerted,  never  failed  of  pro- 
ducing a  great  effect.  An  extensive  and  accurate 
information  of  particular  facts,  and  a  facility  of 
combining  them  into  general  and  original  views, 
were  united  in  a  d^ree  of  which  I  am  persuaded 
there  have  been  few  examples.  Accordingly,  he 
would  go  over  the  most  difficult  subjects,  and 
bring  out  the  most  profound  remarks,  with  an 
ease  and  readiness  which  was  quite  singular.  The 
depth  of  his  observations  seemed  to  cost  him  no* 
thing;  and  when  he  said  any  thing  particularly 
striking,  you  never  could  discover  any  appearance 
of  the  self-satisfaction  so  common  on  such  occasions* 
He  was  disposed  to  pass  quite  readily  from  one 
subject  to  another  ;  the  transition  was  a  matter  of 
course,  and  he  had  perfectly,  and  apparently  with- 
out seeking  after  it,  that  light  and  easy  turn  of 
conversation,  even  on  scientific  and  profound  sub- 
jects, in  which  we  of  this  island  are  charged  by 
our  neighbours  with  being  so  extremely  deficient. 

The  same  facility,  and  the  same  general  tone, 

11 
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was  to  be  seen  in  his  lectures  and  his  writings. 
He  composed  with  singular  facility  and  correctness, 
but  was  sometimes^  when  he  had  leisure  to  be  so, 
very  fastidious  about  his  own  compositions* 

In  the  intercourse  of  life,  he  was  benevolent, 
idisinterested,  and  friendly,  and  of  sincere  imd  vat* 
aflfected  piety.  In  his  interpretation  of  the  con- 
duct of  others,  he  was  fair  and  liberal,  while  his 
mind  retained  its  natural  tone,  and  had  not  yield- 
ed to  the  alarms  of  the  French  Revolution,  and  to 
the  bias  which  it  produced. 

His  range  in  science  was  most  extensive;  he 
was  familiar  with  the  whole  circle  of  the  accurate 
sciences,  and  there  was  no  part  of  them  on  which, 
if  you  heard  him  speak  or  lecturei  you  would  not  have 
pronounced  it  to  be  hi$  Jbrtef  or  a  subject  which  he 
had  studied  with  more  than  ordinary  attention.  In- 
deed, the  rapidity  with  which  his  understanding 
went  to  work,  and  the  extent  of  ground  he  seemed 
to  have  got  over,  while  others  were  only  preparing 
to  enter  on  it,  were  the  great  features  of  his  intel- 
lectual character.  In  these  he  has  rarely  been  ex- 
ceeded. With  such  an  assemblage  of  talents,  with 
a  mind  so  happily  formed  for  science,  one  might 
have  expected  to  find  in  his  writings  more  of  original 
investigation,  more  works  of  discovery  and  inven- 
tion. I  must  remark,  however,  that  from  the  turn 
his  speculations  and  compositions  took,  or  rather  re- 
ceived from  circumstances,  we  are  apt  to  overlook 
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what  is  new  and  original  in  a  great  part  of  them. 
An  article  in  a  dictionary  of  science  must  contain  a 
system,  and  what  is  new  becomes  of  course  so  mix- 
ed up  with  the  old  and  the  known,  that  it  is  not  ea- 
sily distinguished.    Many  of  Mr  Robison's  articles 
in  the  Encyclopaedia  Britannica  are  full  of  new  and 
origimd  views,  which  will  only  strike  those  who 
study  them  particularly,  and  haye  studied  them 
in  other  books.   In  Seamanship^  for  example,  there 
are  many  such  remarks ;  the  fruit  of  that  know- 
ledge of  principle  which  he  combined  with  so  much 
experience  and  observation.   Carpentry^  Roqfy  and 
many  more,   afford  examples  of  the  same  kind. 
The  publication  now  under  the  management  of  Dr 
Brewster,  will  place  his  scientific  character  higher 
than  it  has  ever  been  with  any  but  those  who  were 
perspnally  acquainted  with  him.     With  them,  no- 
thing can  add  to  the  esteem  which  they  felt  for  his 
talents  and  worth,  or  to  the  respect  in  which  they 
now  hold  his  memory. 
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1  HE  work  here  announced  is  composed  of  papers 
read  at  different  periods  in  the  Royal  Society  of 
London,  since  the  commencement  of  the  Trigono- 
metrical Survey  in  1734,  down  to  the  present  time. 
As  the  interest  excited  by  that  survey  created  an 
unusual  demand  for  the  volumes  of  the  Philosophi- 
cal Transactions  in  which  the  accounts  of  it  were 
contiuned,  the  publisher  of  this  work  thought  he 
would  do  a  thing  useful  to  science,  and  acceptable 
to  the  public,  by  collecting  all  these  accounts  into 
one.  In  this  he  has  had  the  assistance  of  the  Royal 
Society,  and  has  been  furnished  with  the  plates 
already  engraved  for  the  Transactions ;  an  indtd- 
gence  of  which  he  has  made  a  very  fair  use,  by 
selling  the  book  at  a  lower  price  than  the  elegance 
of  the  work  and  the  number  of  the  plates  might 
have  entitled  him  to  demand. 

*  From  the  Edinburgh  Review,  VoL  V.  (iaa5.)~£D. 
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The  first  volume  of  the  Trigonometrical  Survey 
was  published  in  1799  ;  and  it  is  only  the  second 
part  of  the  second  volume  which,  by  its  date,  falls 
immediately  under  our  notice ;  but  we  trust  that 
the  importance  of  a  great  national  undertaking  will 
justify  the  retrospect  which  we  are  about  to  take  of 
the  whole. 

The  idea  of  a  Geometrical  Survey,  to  be  under- 
taken by  Government,  and  executed  at  the  public 
expence,  first  occurred  on  the  suppression  of  the 
Rebellion  in  174^>  at  the  suggestion  of  the  late 
Lieutenant-General  Watson,  at  that  time  Deputy 
Quarter-master<^eneral  in  North  Britain.  It  fell  to 
the  late  General  Roy,  who  was  then  Assistant  Quar- 
ter-master, to  have  a  great  share  in  the  execution 
of  this  work ;  and  the  survey,  which  was  at  first 
meant  to  be  confined  to  the  Highlands,  was  ex- 
tended to  the  low  country,  and  made  general  for 
Scotland.  Of  the  map  produced  from  this,  survey, 
and  which  has  remained  in  manuscript  in  the  hands 
of  Government,  the  General  himself  tells  us,  that 
though  il  answered  the  purpose  for  which  it  was 
intended,  and  is  not  without  considerable  merit, 
yet,  the  survey  having  been  made  with  instruments 
of  an  inferior  kind,  and  the  sum  annually  allowed 
being  very  inadequate  to  so  great  a  design,  it  is  ra- 
ther to  be  considered  as  a  magnificent  military 
sketch,  than  as  an  accurate  map  of  a  country. 

At  the  conclusion  of  the  peace  of  1763,  it  came 
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under  the  consideration  of  Government  to  make  a 
map  of  the  whole  island  from  actual  survey,  to 
which  the  map  just  mentioned  was  to  be  made  sub- 
servient ;  the  execution  of  the  whole  was  to  be 
committed  to  General,  then  Colonel  Roy,  whose 
experience,  acquired  in  the  Scottish  survey,  had 
been  improved  by  as  constant  an  exercise  in  the 
operations  of  practical  geometry  and  astronomy  as 
the  duties  of  his  profession  would  admit,  and  whom 
his  love  of  such  pursuits,  and  his  indefatigable  ac« 
tivity,  pointed  out  as  eminently  qualified  for  this 
service. 

Circumstances,  however,  which  it  is  easy  to  con- 
ceive in  general,  but  which  it  would  be  useless  to 
know  in  detail,  prevented  any  step  from  being  ta- 
ken toward  the  execution  of  this  design,  till  after 
the  peace  of  17S3,  when  a  memoir  drawn  up  by 
Cassini  de  Thury  was  presented  to  our  Govern- 
ment by  the  French  ambassador,  setting  forth  the 
advantages  that  would  accrue  to  geography  and  as- 
tronomy from  carrying  a  series  of  triangles  from 
Greenwich  to  Dunkirk,  (to  which  place  the  meri- 
dian of  Paris  had  already  been  extended,)  so  that 
the  relative  position  of  the  two  most  celebrated  ob- 
servatories in  the  world  might  be  ascertained  by  ac- 
tual measurement. 

This  memoir  having  been  communicated  by  the 
secretary  of  state  (Mr  Fox)  to  Sir  Joseph  Banks, 
and  the  plan-  proposed  in  it  having  received  the  ap- 
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probation  of  the  Royal  Society,  the  execution  of  it 
was  committed  to  General  Roy,  who  was  at  thai 
moment  engaged  in  a  survey  of  London  and  its  en« 
virons,  for  the  purpose  of  connecting  tog^her  the 
different  observatories  in  and  about  that  metropo- 
lis;  a  work  which,  with  his  usual  ardour  and  ac- 
tivity, he  had  undertaken  for  his  own  amusement. 
As  a  series  of  triangles  was  now  to  be  extended 
from  about  Greenwkrh  through  Kent,  and  across 
the  Channel  to  Calais  and  Dunkirk,  the  first  thing 
to  be  done  was  to  measure  a  base,  from  the  length 
of  which  the  lengths  of  the  sides  of  all  the  triangles 
might  be  inferred.  Such  a  line  was  accordingly 
traced  out  on  Hounslow-heath,  extending  from  a 
point  near  Hampton  Poor-house,  to  a  place  called 
the  King's  Arbour,  a  distance  of  more  than  five 
miles,  which  was  measured  with  the  most  scrupu- 
lous exactness.  The  description  which  General 
Roy  has  given  of  this  measurement,  deserves  the 
attention  of  every  one  who  is  concerned  in  the  ope- 
rations of  practical  geometry,  and  who  wishes  to  be 
made  acquainted  with  the  utmost  resources  of  his 
art.  He  will  perhaps  see  with  surprise,  that  many 
of  the  things  which  he  is  accustomed  to  do  with 
very  little  expence,  either  of  time  or  of  thought, 
require,  when  they  are  to  be  done  with  precision, 
no  small  proportion  of  both  ;  that  to  make  two  rods 
exactly  of  the  same  length,  to  place  them  in  the 
same  straight  line,  and  to  make  the  beginning  of 
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one  coincide  with  the  end  of  another,  demand  much 
dull  and  patience  ;  in  a  word,  that  the  mort  com* 
mon  matter,  when  executed  with  extreme  accuracy, 
becomes  difficult ;  and  that  science  and  art  must 
combine  to  discover  and  to  remove  those  minute 
obstacles,  of  which  the  bulk  of  mankind  do  not  even 
suspect  the  existence. 

The  measurement  of  the  base  was  first  under^ 
taken  with  deal  rods  of  twenty  feet  in  length ; 
but  though  these  were  made  of  the  best  seasoned 
timber,  from  an  old  mast  cut  up  on  purpose,  though 
they  were  perfectly  straight,  and  secured  from  bend" 
ing  in  the  most  effectual  manner,  yet  the  changes 
in  their  lengths,  produced  by  the  moisture  and  dry- 
ness of  the  air,  were  so  considerable,  as  to  take 
away  all  confidence  in  the  results  deduced  from 
them.  Glass  rods  were  therefore  substituted  in 
their  room,  consisting  of  straight  tubes  twenty  feet 
in  length,  enclosed  in  wooden  frames ;  and  these 
had  the  advantage  of  being  susceptible  of  alteration 
only  from  heat  or  cold,  according  to  laws  which 
could  be  accurately  ascertained.  The  base  measure 
ed  with  these  rods  was  found  to  be  S74O4.08  feet 
precisely,  or  5.19  miles. 

We  refer  for  the  particulars  to  the  account  itself, 
where  General  Roy  has  described  the  apparatus 
used,  and  the  precautions  taken  to  ensure  the  sue* 
cess  of  the  operation.  The  detail,  though  minute, 
is  interesting,  and  must  be  highly  instructive  to 
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those  engaged  in  operations  any  way  similar.  We 
would  particularly  recommend  his  description  of  the 
deal  rods,  the  method  of  laying  off  their  lengths,  of 
die  stands  for  supporting  them,  of  the  boning  tele- 
scope, &c. 

As  the  measurement  of  lines  by  a  chain  is,  how- 
ever, much  more  convenient  and  expeditious  than 
by  any  other  means,  it  was  thought  desirable  to 
ascertain  how  far  the  accuracy  of  such  a  measure- 
ment could  be  depended  on,  and  how  near,  in  the 
present  instance,  it  might  approximate  to  that  by 
the  glass  rods.  For  the  purpose  of  .this  experi- 
ment, Ramsden  had  prepared  a  chain  of  the  very 
best  construction,  made  of  hardened  steel,  one 
hundred  feet  in  length,  and  jointed  somewhat  like  a 
watch-chain.  General  Roy  having  measured  a 
part  of  the  base  with  this  chain,  and  with  the  glass 
rods  at  the  same  time,  found  that  the  results  differed 
by  a  quantity  wholly  inconsiderable.  Several  years 
afterwards,  the  whole  base  was  measured  with  the 
steel  chain  ;  and  the  difference  between  that  and 
the  measurement  by  the  rods  was  found  not  to  ex- 
ceed two  inches  and  three  quarters  of  an  inch,  a 
difference  on  the  length  of  five  miles  that  is  plainly 
of  no  accotmt.  Hence  it  was  inferred,  that  mea- 
surements made  with  such  a  chain  as  has  just  been 
mentioned,  and  with  due  precautions,  viz.  stretch- 
ing it  always  in  the  same  degree,  supporting  it  on 
troughs  laid  horizontally,  allowing  for  change  of 
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temperature,  &c.  are  as  much  to  be  relied  on  as 
those  made  in  any  other  way  whatsoever.  This  ex- 
periment, therefore,  involved  the  determination  of 
a  material  question  with  respect  to  the  conduct  of 
all  future  surveys.  * 

General  Roy  was  assisted  in  these  operations  by 
Mr  Isaac  Dalby,  a  mathematician  of  eminence,  and 
now  Professor  of  the  Mathematics  in  the  Military 
College  at  High  Wickham.     A  party  of  soldiers 
was  also  attached  to  the  survey,  for  the  purpose  of 
doing  such  parts  of  the  work  as  were  merely  labori- 
ous, and  had  a  small  encampment  on  the  heath. 
The  performance  of  this  great  experiment,  for  so  it 
may  very  properly  be  called,  could  not  fail  to  draw 
the  attention  of  the  men  of  science  about  London. 
The  Master-General  of  the  Ordnance,  the  Presi- 
dent of  the  Royal  Society,  the  Astronomer-Royal, 
and  many  other  distinguished  persons,  frequently 
witnessed  the  skill  and  attention  employed  in  con- 
ducting it.     The  mensuration  of  the  base  (includ- 
ing the  repetition  of  it,  and  several  collateral  mat- 
ters, as  well  as  delays  from  bad  weather)  took  up 
from  the  middle  of  June  to  the  end  of  August 
1784.     The  extremities  of  the  base  were  then 

*  It  may  be  proper  to  remark^  however,  that  Legendre^ 
after  haying  considered  the  method  of  the  steel  chain^  seems 
still  to  prefer  that  by  rods  of  metal,  because  of  the  difficulty 
of  giving  the  chain  always  a  sufficient  and  uniform  degree  of 
tension. 
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BiaiiLed  by  the  centres  of  two  wooden  tubes,  and 
have  since  been  more  peimanently  ascertained  by 
the  centres  of  two  iron  cannon  sunk  in  the  ground. 

Experiments  and  observations,  of  the  kind  which 
we  are  now  considering,  seldom  fail  to  benefit 
aciencei  not  only  directly,  but  indirectly,  by  the  col- 
lateral objects  to  which  they  lead.  A  pyrometer, 
constructed  by  Ramsden,  for  the  purpose  of  ascer« 
taining  the  expansion  of  solid  bodies  by  heat,  is 
probably  the  best  instrument  of  the  kind  which  has 
yet  been  made»  and  is  one  of  the  monuments  of 
skill  and  genius  that  will  long  preserve  the  memory 
of  that  incomparable  artist. 

It  was  not  till  the  summer  of  1787  that  the  mea- 
surement was  resumed,  by  actually  extending  a 
series  of  triangles  from  Greenmch  to  Dunkirk. 
For  this  purpose,  signals  were  erected,  in  such  con- 
spicuous situations,  and  at  such  distances,  as  were 
judged  convenient :  the  straight  lines  joining  these 
points  formed  a  set  of  triangles,  the  angles  of 
which  were  measured  by  a  theodolite  which  Rams- 
den had  constructed,  and  which  was  carried,  suc- 
cessively, to  all  the  stations.  In  these  triangles, 
therefore,  which  were  so  formed  that  one  side  was 
always  common  to  two  of  them,  all  the  angles  be- 
came known  ;  and  a  side  of  one  of  them  being  also 
given,  viz.  the  base  on  Hounslow-heath,  the  sides 
of  all  the  rest  could  be  found  by  trigonometrical 
computation.     So  also,  the  bearing  of  any  one  of 
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the  sides,  in  respect  of  the  meridian,  being  known 
by  observation,  the  bearings  of  all  the  rest  with 
respect  to  the  same  meridian  were  determined. 

The  theodolite  by  which  the  angles  of  these  tri-> 
Migles  were  measured,  was  superior  to  any  things 
that  had  ever  been  used  in  geodetical  observations, 
and  might  be  compared  with  the  best  instruments 
of  astronomy.  Ramsden  had  exerted  himself  to 
the  utmost  both  in  the  design  and  execution  of  it : 
he  had  united  in  it  the  powers  of  a  theodolite,  a 
quadrant,  and  a  transit  instrument ;  and  had  made 
it  capable  of  measuring  horizontal  angles  to  frac- 
tions of  a  second.  It  was  furnished  with  a  tele- 
scope of  a  much  higher  magnifying  power  than  had 
ever  been  before  appUed  to  observations  purely  ter- 
restrial ;  and  by  this  superiority  in  its  construction, 
even  if  it  were  the  only  one,  we  are  persuaded  that 
the  surveys  made  with  it  are  more  accurate  than 
any  other.  The  French  academicians,  for  example, 
who  joined  General  Roy  at  Dover,  as  we  shall  see 
presently,  employed  in  their  measurement  a  very 
excellent  instrument,  a  circle  of  repetition,  of  the 
kind  invented  by  Borda ;  and  by  taking  the  same 
angle  several  times  over  on  different  parts  of  the 
limb,  they  could  diminish  the  error  arising  from 
the  division  of  the  instrument  to  an  indefinite  de- 
gree. But  there  was  another  error  which  they 
could  not  diminish,  viz.  that  which  arose  Irom  the 
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small  power  of  th^ir  glasses,  and  the  consequait 
laigeness  of  the  real  diameters  of  the  objects  which 
appeared  to  them  as  points  or  lines.  Though  their 
observations  were  therefore  extremely  good,  and 
fiir  exceeding  any  that  had  been  made  in  France 
previous  to  the  introduction  of  Borda's  circle, 
they  do  not  seem  to  equal  those  in  the  English 
survey.  As  Enghuid  was  later  in  undertaking 
works  of  this  sort  than  France,  and  some  other  na- 
tions on  the  Continent,  it  seemed  but  just  that  she 
should  aim  at  superior  excellence ;  and  possessing, 
as  Cassini  says,  the  first  artist  in  the  world,  it  was 
not  difficult  for  her  to  attain  it. 

The  high  power  of  the  telescope  just  mentioned, 
obviated  many  of  the  difficulties  concerning  the 
signals  employed  to  distinguish  the  precise  point  at 
each  station  that  was  to  be  intersected,  from  the 
rest.  When  the  object  to  be  intersected  was  not 
the  spire  of  a  steeple,  a  flagstafip  was  commonly 
used ;  but  when  the  distance  was  great,  or  the 
weather  not  very  fiivourable,  tights  were  employed, 
and  the  observations  were  made  in  the  night. 
These  lights  were  either  r^vorbenitory  lamps,  or 
white  tightSy  (so  called  from  their  extreme  brillian- 
cy,) fired  at  a  particidar  time  previously  agreed  on. 
The  signals  made  in  this  manner  wei'e  visible  at  a 
great  distance  even  in  bad  weather.  Cassini  says, 
that  he  hai*dly  expects  to  be  believed,  when  he 
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tellSf  that  he  observed  one  from  about  Calais, 
which  was  fired  on  the  opposite  shore,  about  forty 
miles  off,  and  in  bad  weather. 

The  precaution  taken,  of  placing  the  great  theo- 
dolite at  all  times  with  its  centre  exactly  perpendi- 
cular to  the  point  that  was  to  be  intersected  from 
the  other  stations,  deserves  also  to  be  mentioned. 
Though  the  allowance  to  be  made  for  the  distance 
of  the  instrument  from  the  angular  pomt  is  easily 
computed,  yet  it  is  difficult  to  avoid  some  error  in 
doing  so ;  and  the  frequent  recurrence  of  such  er- 
rors is  a  source  of  inaccuracy  which  it  is  much  bet- 
ter to  have  entirely  cut  off. 

From  all  these  circumstances,  added  to  others 
which  we  cannot  here  enumerate,  the  angles  were 
generally  observed  with  such  accuracy,  as  to  mani- 
fest the  effect  of  the  earth's  sphericity,  by  giving 
the  sum  of  the  three  angles  of  a  triangle  somewhat 
greater  than  180^,  and  that  even  where  the  sides 
did  not  exceed  15  or  20  miles.  Tliis  excess 
above  180^  is  produced  by  the  plane  of  the  instru- 
ment at  the  three  angular  points  of  the  triangle 
not  being  parallel  to  itself,  but  perpendicular 
to  three  lines  which  meet  (at  least  nearly)  in 
'one  point,  the  centre  of  the  earth.  It  is  called 
the  spherical  excess ;  and  it  was  in  this  survey  that 
there  came,  for  the  first  time,  to  be  any  question 
concerning  the  quantity  of  it,  in  each  triangle. 
The  ijistruments  used  in  former  surveys  had  never 
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been  accurate  enough  to  bring  a  quantity  ao  small 
as  hardly  ever  to*  amount  to  ^'  in  one  triangle^  to 
be  an  object  of  investigation.  In  the  observations 
made  finr  verifying  the  meridian  of  Paris  about  fifty 
yean  ago,  the  error  in  the  three  angles  of  a  triangle 
Qiften  amounts  to  20  or  90  seconds ;  and  then,  of 
course,  no  question  could  occur  about  a  correction 
which  cannot  exceed  the  tenth  part  of  that  quanti- 
ty. But  in  General  Roy's  observations,  the  error 
in  the  three  angles  of  a  triangle  never  reaches  9f^ ; 
and,  therefore,  the  spherical  excess  is  of  importance 
to  be  ascertained.  In  justice  to  the  French  acade- 
micians who  co-operated  with  the  Greneral,  it  must 
be  observed,  that  the  angles  taken  by  them  with 
BcMrda's  instrument,  were  accurate  within  V  or  2^ 
on  each  angle,  so  that  they  found  equal  reason 
for  employing  the  spherical  exces§. 

This  remark  is  applicable  to  all  the  measure- 
ments  made  in  France  since  the  period  we  are 
here  treating  of.  They  have  all  been  made  with 
the  repeating  circle,  and  seem  to  have  reached 
a  very  high  degree  of  accuracy. 

The  introduction  of  a  new  element  into  trigone*^ 
metrical  computation  is  of  great  importance,  and 
will  probably  be  found  to  mark  a  precise  era  in' 
all  measurements  relating  to  the  figure  of  the  earth. 
The  spherical  excess  in  any  triangle  has  a  given 
relation  to  the  area  of  that  triangle;  for  it  is 
to  1 80^  as  that  area  is  to  the  area  of  a  great  circle 
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of  the  sphere ;  and  it  was  from  this  theorem  that 
General  Roy  deduced  the  rule  which  he  has  given 
for  computing  the  spherical  excess,  independently 
of  the  angles  themselves.  For  this  purpose,  the 
area  of  the  triangle  is  to  be  estimated  as  if  it  were 
rectilineal;  and  it  is  sufficient  to  do  this  even 
by  a  very  rud6  approximation,  because  it  requires 
an  area  of  about  T5  square  miles  to  produce  a  single 
second  of  spherical  excess. 

As  it  was  necessary  that  the  French  geometers 
should  unite  with  the  English  in  carrying  into  full 
effect  the  plan  which  they  themselves  were  the  first 
to  propose,  three  distinguished  members  of  the 
Academy  of  Sciences,  Cassini,  Mechain,  and  Le- 
gendre>  met  General  Roy  and  Dr  Blagden  at 
Dover,  where  measures  were  concerted  for  the 
corresponding  observations  to  be  made  on  the  coasts 
of  France  and  England.  The  French  academicians 
were  furnished  by  General  Roy  with  white  lights 
to  be  fired  on  their  side,  while  corresponding 
observations  were  made  at  Dover  and  Fairlight- 
Down,  on  the  coast  of  England.  The  operations 
on  both  sides  succeeded  perfectly,  notwithstandii^ 
that  the  weather  was  by  no  means  favourable. 
The  three  academicians  above  named,  having  cross- 
ed the  Channel  again,  after  their  observations  were 
finished,  repaired  to  London,  and  appear  to  have 
been  highly  gratified  by  the  objects  they  saw,  and 
the  reception  they  met  with  in  that  metropolis.   It 
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18  painful  to  reflect,  that  this  is  the  last  amicable  in* 
tenriew  which  has  taken  place  even  among  the  men 
of  letters  of  the  two  countries ;  and  that  the  hostile 
armies  of  both  nations  are  now  encamped  on  the 
very  ground  which  was  the  theatre  of  these  scienti- 
fic operations. 

Besides  measuring  all  the  angles  in  the  triangles 
that  have  been  mentioned,  it  was  necessary  to 
fix  the  bearing  of  some  one  of  the  sides  of  those 
triangles  in  respect  of  the  meridian.  This  was 
done  by  observing  the  azimuth  of  the  pole-star,  re- 
latively to  the  given  line,  at  its  greatest  distance 
from  the  meridian,  both  on  the  east  and  west  sides. 
This  method  of  ascertaining  the  angle  which  any 
line  on  the  earth's  surface  makes  with  the  meridian, 
we  apprehend  to  be  greatly  preferable,  for  eicpedi- 
tion  as  well  as  accuracy,  to  any  other  that  is  known. 
It  cannot,  however,  be  practised  to  advantage,  but 
with  such  an  instrument  as  the  great  theodolite, 
which  answers  for  a  transit,  and  carries  a  telescope 
of  power  sufficient  to  render  the  pole-star  visible 
during  the  day.  This,  therefore,  is  one  of  the  cir- 
cumstances on  account  of  which  we  think  the  Bri- 
tish survey  entitled  to  a  preference  above  every 
other. 

That  a  check  might  not  be  wanting  on  any 
errors  that  had  crept  into  a  work  of  such  variety 
and  extent.  General  Roy  caused  a  second  base  to 
be  measured  on  the  flat  ground  of  Rumney-Marsh, 
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Whieh  tvas  not  far  distant  from  the  southern  extre- 
mity of  the  series  of  triangles.  When  the  length 
of  this  base,  as  actually  measured,  was  compared 
with  that  deduced  by  connecting  it  with  the  base 
on  Hounslow-heath,  the  two  results  were  found  to 
differ  only  by  twenty-eight  inches,  which  must  ap« 
pear  veiy  inconsiderable,  when  we  reflect  that  the 
two  lines  are  mor^  than  sixty  miles  asunder. 
There  was  reason,  nevertheless,  to  suspect  that 
this  base  of  verification  was  not  so  correctly  measur- 
ed as  that  on  Hounslow-heath. 

The  conclusions  deduced  from  all  these  observa^ 
tions,  as  far  as  respects  the  relative  position  of  the 
observatories  of  Greenwich  and  Paris,  are, -first, 
that  the  distance  between  their  parallels  of  latitude  is 
9639^4  feet,  =  182.5&/  miles,  which  corresponds 
on  the  earth's  surface  to  an  arch  of  ^^  38^  S6^^  in 
the  heavens,  (the  difference  of  latitude,)  and  there- 
fore the  length  of  a  degree  of  the  meridian  in  the 
latitude  50""  1(/  comes  out  =  60843  fathoms  = 
69*14  miles. 

Agam,  the  perpendicukr  from  the  tower  of 
Dunkirk  on  the  meridian  of  Greenwich  is  fouud  to 
be  547058  feet;  from  which,  subtracting  9080 
feet,  the  distance  of  Dunkirk  east  of  the  meridian 
of  Paris,  we  have  the  perpendicular  let  fall  from  the 
point  in  the  meridian  of  Paris,  which  is  in  the  pa- 
rallel of  Greenwich,  on  the  meridian  of  this  last 
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=  537978  feet  -  101.89  miled.*  The  Oenenl 
abo  having  determined,  from  the  length  and 
aaimuth  of  one  of  the  lines  m  the  mirvey,  (between 
Botlej-Hill  and  Gondhnrst  m  Kent,)  to  how^nMtny 
ftthoms  a  degree  of  longitude  in  that  parallel  eor- 
vespondsi  haa  from  thence  deduced  the  difference 
of  longitude  of  Greenwich  and  Paris  =  2""  19"  5V\ 
or,  in  time,  9"*  19^*4 ;  which  agrees  with  the  con« 
dnsion  which  Dr  Maskelyne  had  before  drawn 
from  data  purely  astronomical.  It  must,  however, 
be  observed,  that  L^ndre  deduces  from  the 
same  measurement  a  result  considerably  different, 
and  makes  the  difference  of  longitude  of  the  two 
observatories  9"^  21'',  (M^m.  de  I'Acad.  1788,) 
which  is  1^  second  in  time  greater  than  the  pre- 
ceding. 

But  though  nothing  certainly  can  exceed  the 


*  Another  result^  not  uninteresting,  is  the  breadth  of  the 
English  Channel  where  it  is  narrowest  The  line  from  the 
Keep  of  Dover  Castle  to  the  station  at  Blancnes  is  1 1 6660 
Itet  =  22.095  miles.  The  South  Foreland  appsars  to  be  about 
two  i^iles  nearer  to  Blancnez^  if  we  measure  on  the  map 
which  accompanies  the  survey.  The  least  breadth  of  the 
Channel^  therefore^  does  not  exceed  twenty  miles ;— a  nar- 
row but  a  strong  barrier^-.-one  of  those  indelible  lines  which 
nature  has  kindly  traced  out  on  the  surfiM»  of  the  earth,  to 
resist  the  ambition,  atid  preserve  the  independence  of  na* 
lions.  » 
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accuracy  of  General  Roy's  observations,  we  caBtict 
bestow  praise  equally  unqualified  on  the  methods 
by  which  the  results  are  deduced  from  them.  The 
General  has  made  use,  as  before  mentioned,  of  the 
jspherical  exc^s,  for  the  purpose  of  estimating  the 
accuracy  of  his  observations ;  yet  he  has  not  d^n9> 
^d,  from  the  introduction  of  that  new  element,  all 
the  advantage  which  it  is  capable  of  aflbrding.  He 
has  great  mmt  in  being  the  first  to  make  use  of  it^ 
though  he  did  not  perceive  the  whole  of  its  import- 
ance. This  was  indeed  first  made  known  by  a 
theorem  of  Legendre,  in  the  Memoirs  of  the 
Academy  of  Sciences  for  1787f  from  which  it  ap- 
pears, that  }£  each  of  the  angles  of  a  small  spherical 
triangle  be  diminished  by  one-third  of  the  spherical 
^^Lcess,  the  sines  of  the  angles  thus  diminished  vriU 
Jbe  very  nearly  proportional  to  the  lengths  of  the 
sides  themselves}  so  that  the  computations  with 
ireq>ect  to  such  spherical  triangles  may  be  made  by 
the  rules  of  plane  trigonometry.  General  Boy  was 
probably  unacquainted  with  this  theorem,  which  is 
not  of  very  easy  investigation  ;  and  though  he  has 
virtually  ^nployed  it  in  part,  because  he  always  re- 
duced thu  angles  of  his  triangles  to  ISO""  before  he 
used  them  in  caleulatiout  yet  he  derives  no  benefit 
£rom  it  in  many  of  the  cases  where  it  is  of  the 
greatest  importance.  These  are  whep  two  angles 
only  of  a  triangle  have  been  observed,  and  it  is  re- 
i^yired  fo  find  the  third  an^e ;  or,  again»  in  calcu- 
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lating  the  dittanoes  of  the  stations  from  the  men* 
dian,  or  the  perpendicular  to  it,  where  the  hypo- 
thenuse  of  a  right-angled  triangle  is  given,  and  one 
of  the  oblique  angles.  In  such  cases,  an  attention 
to  the  above  theorem  will  enable  the  calculator  to 
bring  out  a  far  more  accurate  conclusion  than  he 
can  otherwise  obtain.  It  must  be  confessed,  that 
the  Greneral  has  not  calculated  on  this  principle, 
and  that  he  has  not  taken  as  a  substitute  for  it,  the 
reduction  of  the  observed  angles  to  the  angles  con- 
tained by  the  chords  of  the  arches,  (the  method 
that  Major  Mudge  has  adopted  in  the  further  pro- 
secution of  the  trigonometrical  survey  ;)  and  that 
therefore  his  calculations  are  deficient  in  accuracy, 
at  least  in  that  extreme  accuracy,  which  the  cor- 
rectness of  the  observations  themselves  entitles  us 
to  expect.  His  method  is  sufficiently  correct  for 
any  of  the  older  measurements, — ^for  those  in  Peru, 
Lapland,  France  formerly,  and  indeed  for  all  that 
were  made  any  where,  till  the  great  theodolite  of 
Ramsden,  or  the  repeating  circle  of  Borda,  were  in- 
troduced. It  in  effect  supposes  the  series  of  tri- 
angles to  be  laid  out  or  extended  on  a  plane  surface, 
and  to  this  plane  every  thing  is  understood  to  be  re- 
duced. This  supposition  is  no  doubt  inaccurate ; 
yet  the  inaccuracy  is  not  considerable,  and  of  no  ac- 
count at  all,  when  the  angles  of  a  triangle  have  not 
been  observed  within  twenty  or  thirty  seconds  of  the 
truth.     But  when  the  error  of  observation  is  re- 
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duoed  to  less  than  a  tenth  part  of  that  quantity,  a 
more  exact  method  of  calculating  must  necessarily  be 
pursued ;  as  the  calciUics  should  ever  be  so  institut- 
ed as  to  preserve  to  the  conclusions  all  the  accuracy 
possessed  by  the  data  themselves.  No  portion  of 
this,  however  small,  should  be  suffered  to  escape  i 
and  since  it  is  a  quantity  which  the  calculator  can- 
not increase,  he  should  be  careful  not  to  diminish 
it. 

The  slight  degree  of  incorrectness,  therefore, 
which  we  have  remarked  in  General  Roy's  compu- 
tations, would  not  deserve  to  be  mentioned,  if  it 
were  not  for  the  excellence  of  his  observations.  It 
is,  besides,  an  imperfection  which  it  is  easy  to  re- 
move :  the  part  of  the  work  which  no  one  could 
amend,  fortunately  stands  in  need  of  no  emenda- 
tion. 

It  is  not  wonderful  if  these  slight  inaccuracies 
escaped  General  Roy.  The  only  principle  on 
which  they  can  be  completely  avoided,  without  a 
mode  of  calculating  extremely  long  and  laborious, 
is  the  theorem  already  mentioned ;  a  proposition 
by  no  means  obvious,  and  drawn  by  the  excellent 
mathematician  who  discovered  it,  from  the  reces- 
ses of  the  new  geometry.  The  General,  possessing 
from  his  youth  a  decided  turn  for  the  mathema- 
tics, had  b?nt  the  whole  force  of  a  very  strong  and 
vigorous  understanding  chiefly  to  the  practical  parts 
of  that;  science,  and  those  most  immediately  con- 
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nected  with  his  profemon ;  but  ^probably  was  not 
much  convenant  with  the  branches  which  are  more 
theoretical  and  abstract.  A  life  spent  in  conti-* 
nnal  activity^  and  of  which  a  large  proportion  had 
been  passed  in  the  camp  or  the  field,  afforded  no 
leisure  for  such  acquirements,  and  held  out,  even 
to  the  mathematician,  more  iuteresting  objects  of 
pursuit.  The  duties  of  the  field-engineer  and  the 
quarter-master-general  had  particularly  engaged  his 
attention;  and  in  every  thing  connected  with  them 
he  was  profoundly  versed.  He  drew  excellently, 
and  thoroughly  understood  the  art  of  representing 
the  inequalities  of  ground  with  admirable  distinct- 
ness, and  great  b^uity  of  effect.  How  perfectly 
he  was  skilled  in  surveying,  in  the  highest  sense  of 
the  word, — how  conversant  in  the  use  of  mathema- 
tical instruments,  and  in  astronomical  observation, 
—it  is  unnecessary  to  state,  after  what  has  been 
already  said.  He  was,  besides,  a  most  expert 
and  indefatigable  calculator ;  his  acquaintance  with 
natural  philosophy,  too,  was  extenave  and  accu- 
rate ;  and  his  paper  on  the  measurement  of  heights 
by  the  barometer,  is  a  proof  of  his  skill  in  conduct- 
ing experimental  inquiries,  even  when  very  remote 
from  the  line  of  his  ordinary  pursuits.  General 
Roy,  it  should  be  observed,  had  pursued  this  track 
while  the  British  army  afforded  few  instances  of 
the  same  kind,  either  to  encourage  him  by  exam- 
ple, or  rouse  him  by  enmlation,  and  when  the  con- 
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Meticm  between  the  .  mathematical  sciences  and 
the  military  art  was  not  so  well  perceived  as  it  per* 
haps  begins  to  be  at  the  present  moment. 

The  death  of  this  excellent  and  accomplished 
officer,  which  took  place  soon  after  the  period  we  now 
apeak  of,  seemed  for  a  long  time  to  have  put  a  sUnf 
to  any  design  that  might  have  been  formed  of  e^ 
tending  the  operations^  already  so  happily  b^un, 
to  the  survey  of  the  whole  island :  and  here  we 
must  be  permitted  to  remark,  that  the  account  giv- 
€n  of  the  resuming  of  the  survey  is  unsatisfactory 
and  imperfect.  After  acknowledging  the  liberal 
assistance  which  the  Duke  of  Bichmond,  as  Master- 
general  of  the  Ordnance,  had  given  to  every  part 
of  the  preceding  operations,  (an  acknowledgmeiri^ 
which  we  believe  to  be  most  justly  due,)  it  is  said 
that  a  considerable  time  had  elapsed  without  any 
apparent  intention  of  renewing  the  sui*vey,  '^  when 
a  casual  opportunity  presented  itself  (to  the  DuIk^ 
of  Richmond)  of  purchasing  a  very  fine  instrument, 
the  woriLmanship  of  Ramsden,  of  a  construction  si- 
milar to  that  which  was  used  by  General  Roy,  but 
with  some  improvements ;  as  also  two  steel  chains, 
of  one  hundred  feet  each,  made  by  the  same  in- 
comparable artist.'^ 

Are  we  then  to  suppose  that  a  great  and  nation* 
al  object  was  in  danger  of  bdbag  dropt,  or  indefi- 
nitely delayed,  but  for  a  fortunate  and  unforeseen 
4K»ident  ?  Did  not  the  instrument  which  General 
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Roy  had  used  still  remain  iu  the  possession  of  the 
Royal  Society  ?  and  if  the  work  was  now  to  be  pro- 
secuted, not  under  the  immediate  direction  of  that 
society,  but  of  the  Board  of  Ordnance,  can  we  sup- 
pose  that,  on  that  account,  the  use  of  it  would  have 
been  withheld  ?  This  is  the  less  probable,  that  it 
has  since  been  actually  put  into  the  hands  of  Ma- 
jor Mudge,  and  is  at  present  employed  by  him  in 
the  survey.  But  be  this  as  it  may,  the  purchase  o£ 
the  new  theodolite  by  the  Duke  of  Richmond  was 
indeed  purely  accidental ;  for  it  had  been  made,  if 
we  are  not  misinformed,  by  order  of  the  East  India 
Company,  for  the  purpose  of  surveying  their  pos- 
sessions in  the  East ;  and  Ramsden,  in  the  con- 
struction of  it,  had  exerted  that  increased  ingenui- 
ty and  attention  with  which  the  presence  of  a  great 
and  new  object  used  always  to  inspire  him.  In  the 
end,  some  misunderstanding  arose;. and  a  fit  of 
ill-humour,  or  of  ill-timed  economy,  induced  the  so- 
vereigns of  India  to  refuse  an  instrument  which 
could  do  nothing  to  enlarge  their  dominions,  though 
in  skilful  hands  it  might  have  done  much  to  ren- 
der them  more  secure.  The  Duke  of  Richmond 
was  a  better  judge  of  its  value  ;  and  has  rendered 
it  no  less  useful  to  the  public,  than  if  it  had  follow- 
ed its  original  destination. 

In  1791 9  Captain  Mudge  of  the  Royal  Artillery, 
and  Mr  Dalby,  who  has  been  already  mentioned, 
both  well  qualified  for  the  work  tliey  were  to  uud^- 
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take,  had  the  care  of  the  trigonometrical  survey 
committed  to  them,  and  received  their  instructions 
from  the  Master-General  of  the  Ordnance.  They 
began  by  the  remeasurement  of  the  base  on  Houn- 
slow-heath  with  the  new  steel  chain,  (of  the  same 
nature  with  the  former,  but  somewhat  improved^) 
and  found  its  length,  as  before  stated,  two  inches 
and  three  quarters  greater  than  when  measured  with 
the  glass  rods.  The  chain  was  here  reduced,  as  it 
had  been  before,  to  the  temperature  of  62^,  Cap- 
tain Mudge  having  previously  ascertained,  by  a 
series  of  experiments  made  with  the  chain  extend- 
ed at  its  full  length,  and  stretched  with  a  consider- 
able weight,  that  it  lengthened  0.0075  of  an  inch 
-for  one  de^ee  of  heat,  on  Fahrenheit's  thermome- 
ter ;  which  agrees  well  with  General  Roy's  deter^ 
mination  of  the  same  by  means  of  the  pyrometer. 

As  a  series  of  triangles  was  now  to  be  carried 
from  Hounslow-heath  to  the  coast  of  Kent  and 
Sussex,  and  from  thence  westward  to  the  Land's- 
End,  it  was  thought  right  to  measure  another  base 
of  verification  on  Salisbury*  Plain.  This  was  done 
with  all  the  precautions  used  in  the  former  mea- 
surements }  the  length  of  the  line  was  found  to  be 
36574.4  feet ;  and  when  this  was  connected  by  a 
series  of  triangles  with  the  base  on  Hounslow- 
heath,  and  its  length  deduced  from  this  last  by  tri- 
gonometrical calculation,  it  did  not  difier  by  more 
than  an  inch  from  the  actual  measurement  as  here 
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art  down.  This  singular  coinddence  was  a  suflU 
cient  proof  of  the  accuracy  with  which  the  two 
leases  and  the  angles  of  the  connecting  triangles  had 
been  measured. 

One  of  the  principal  d)jects  now  in  view  was  of 
impcHtance,  both  in  general  geogrf^hy*  and  in  the 
topography  of  England.  This  was  the  measurement 
of  a  degree  of  a  circle  perpendicular  to  the  meri- 
dian, for  which  two  stations  on  the  coast  of  the 
Channel,  Beachy-Head  in  Sussext  and  Dunnose  in 
the  Isle  of  Wight,  aflforded  a  good  opportunity,  be^ 
ing  .visible  from  one  another  in  fine  weather,  though 
more  than  sixty-four  miles  distant,  and  the  line  be- 
tween them  being  not  far  from  the  direction  of 
east  and  west.  The  distance  between  the  two  sta%. 
tions  just  mentioned,  as  deduced  from  a  mean  of 
four  different  series  of  triangles,  is  339397  &^ 
(=64.28  miles ;)  and  it  is  remarkable,  that  the  ex- 
tremes of  these  four  determinations  do  not,  even  in 
so  long  a  line,  differ  more  than  seven  feet  from  one 
another.  But  coincidences  of  this  9ort  are  frequent 
in  the  trigonometrical  survey,  and  prove  how  much 
more  good  instruments,  used  by  skiliul  and  a^n^ 
tive  observers,  are  capable  of  performing,  thi|n  th§ 
most  sanguine  theorist  could  have  ever  ventured  to 
foretell.  In  two  distances  that  were  deduced  fix)m 
sets  of  triangles,  the  one  measured  by -General  Roy 
in  I787f  the  other  by  Major  Mudge  in  1794,  one 
of  S4.XS3  mil^  and  the  other  S&688,  the  two 
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measures  agree  within  a  foot  as  to  the  first  di»^ 
tance^  and  sixteen  inches  as  to  the  second.  Such 
an  agreement,  wh^re  the  observers  and  the  instru** 
ments  were  both  different,  where  the  lines  measur- 
ed were  of  such  extent,  and  deduced  from  such  a 
variety  of  datOy  is  probably  without  any  other  ex- 
ample* We  believe  it  is  quite  unnecessary  to  add, 
that  these  deductions  are  all  made  in  the  fairest  and 
most  unexceptionable  manner,  without  any  means 
being  taken,  purposely  to  bring  about  a  coincidence 
that  would  not  hare  otherwise  taken  place. 

Besides  the  determination  of  the  distance  from 
Dunnose  to  Beachy-Head,  the  azimuth  or  bearing 
of  the  line  between  th^m,  with  respect  to  the  me- 
ridian, was  carefully  observed,  by  means  of  the 
pole-star,  after  the  manner  practised  by  General 
Roy.  From  these  observations  Major  Mudge  has 
drawn  the  following  conclusions.  At  Beachy*- 
Head,  in  latitude  50^  44/  9Al\  the  d^ree  of  longi- 
tude,  measured  on  the  above  parallel,  is  38718  fa- 
thoms ;  the  d^ree  of  a  circle  perpendicular  to  the 
meridian  611832 ;  the  degree  of  the  meridian  it- 
self in  that  latitude  being  taken  at  60851  fathoms, 
as  deduced  from  General  Roy's  measurement, 
^rom  the  lengths  of  these  degrees  of  the  meridian, 
and  of  the  circle  perpendicular  to  it,  it  follows, 
that  if  the  earth  be  an  ellipsoid,  the  diameter  of  the 
equator  is  to  the  polar  axis  as  149  to  148,  which 
makes  the  inequality  between  these  two  lines  more 
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than  twice  as  great  as  it  appears  to  be  by  taking  the 
most  probable  average,  deduced  from  all  the  obser- 
vations that  have  been  made  in  different  latitudes. 
What  reason  can  be  assigned  for  this  peculiarity  in 
the  physical  constitution  of  our  island,  seems  im- 
possible at  present  to  explain,  though  the  continu- 
tion  of  the  Trigonometrical  Survey  may  be  expect- 
ed to  throw  some  light  on  it.  Local  causes  may 
perhaps  affect  the  direction  of  gravity  in  the  south 
of  England,  and  may  make  that  country  appear  to 
be  a  portion  of  a  smaller  and  more  oblate  spheroid, 
than  agrees  with  the  general  configuration  of  the 
earth's  surface.  Or  perhaps,  too,  as  many  have 
imagined,  and  as  Major  Mudge  seems  disposed  to 
think,  the  figure  of  the  earth  is  not  a  solid  formed 
by  the  revolution  of  an  ellipsis  on  its  axis ;  and  the 
agreement  or  disagreement  of  the  measures  of  de- 
grees with  one  another,  is  not  to  be  judged  of  by 
their  agreement  or  disagreement  with  this  hypo- 
thesis. '  To  attempt  to  judge  of  them  in  that  man- 
ner, may  be  offeiing  violence  to  nature,  and  may 
be  only  trying  to  reconcile  her  phenomena  with 
our  conjectural  or  arbitrary  theories. 

From  the  prosecution  of  the  Trigonometrical 
Survey  we  may  expect  a  solution  of  these  questions : 
the  unexpectedness  of  the  results  makes  the  work 
more  valuable  to  science  ;  and  as  we  are  sure  that 
the  observations  are  accurate,  the  less  they  agree 
with  our  preconceived  opinions,  the  more  interest- 
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ing  do  they  become,  and  the  more  likely  are  they 
to  furnish  important  information. 

It  has  already  been  observed,  that  Major  Mudge 
deduced  the  results  of  his  observations  on  a  princi- 
ple more  accurate  than  General  Roy,  by  reducing 
every  angle  measured  with  the  theodolite  to  a  plane 
passing  through  the  three  angular  points  of  the  tri- 
angle, and  thus  computing  the  chords  instead  of 
the  arches  themselves. 

**  As  the  lengths,''  says  he,  **  of  small  arcs  and 
their  chords  are  nearly  the  same,  it  is  evident  that 
the  calculations  might  be  performed  sufficiently 
near  the  truth  in  any  extent  of  a  series  of  triangles, 
by  plane  trigonometry,  if  the  angles  formed  by  the 
chords  could  be  determined  pretty  exact.  We 
have  endeavoured  to  adopt  this  method  in  comput- 
ing the  sides  of  the  principal  triangles,  in  order  to 
avoid  an  arbitrary  correction  of  the  observed  angles, 
as  well  as  that  of  reducing  the  whole  extent  of  the 
triangles  to  a  flat,  which  evidently  would  introduce 
erroneous  results,  and  these  in  proportion  as  the 
series  of  triangles  extended.''     Vol.  I.  p.  271* 

Now,  concerning  the  method  of  calculation  here 
referred  to,  we  must  observe,  that  though  it  is  cer- 
tainly much  preferable  to  that  which  supposes  the 
triangles  to  be  all  spread  out  over  one  flat  surface, 
and  is  not  liable  to  {iny  considerable  inaccuracy,  yet 
is  it  much  more  complex  and  operose  than  one 
which  we  have  already  pointed  out  as  being  de- 
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med  from  Legendre's  theoreiiiy  that  tlie  ttcbetf 
which  form  the  sides  of  small  spherical  triangles, 
are  proportional  to  the  sines  of  the  opposite  angles^ 
when  each  of  these  angles  b  diminished  by  the 
third  part  of  the  spherical  excess.  By  means  of 
this  proposition,  the  sides  themsehres  may  be  direct- 
ly computed,  and  the  investigation  of  the  chords 
avoided  as  unnecessary*  From  this  it  also  appears, 
that  the  correction  made  on  the  observed  angles, 
by  taking  from  each  of  them  one-third  of  the  sphe- 
rical excess,  can  be  no  longer  viewed  as  an  arbi^ 
trary  correction^  but  as  a  legitimate  and  necessary 
inference  from  a  geometrical  theorem  extremely 
curious  in  itself,  as  it  marks  the  continuity  of  plane 
and  spherical  triangles ;  and  extremely  valuable,  as 
it  leads  to  the  most  accurate  and  simple  rules  of 
calculation.  Though  it  is  a  theorem  that,  in  strict- 
ness, is  only  an  approximation  to  the  truth,  yet  its 
accuracy,  in  all  such  cases  as  can  come  under  con- 
sideration in  a  survey  of  any  portion  of  the  earth's 
surface,  may  be  safely  relied  on,  the  quantities 
which  it  rejects  being  then  really  evanescent. 

In  reducing  the  observed  angles  in  the  manner 
of  Major  Mudge,  (which  is  also  that  of  Delam- 
bre,)  there  is  always  the  inconvenience  of  an  operose 
and  unnecessary  calculus  ;  and,  in  certain  cases, 
such  as  the  computation  of  the  distances  of  the  sta- 
tions from  the  meridian  or  the  perpendicular  to  it, 
it  is  not  quite  evident  but  that  inaccuracies  of  some 
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consequence  may  be  introduced.  If,  on  the  other 
hand,  in  the  solution  of  this  last  problem,  since  the 
hypothenuse  and  one  of  the  oblique  angles  of  a 
right-angled  triangle  are  given  to  find  the  sides ;  if 
we  first  calculate  the  spherical  excess,  and  proceed 
to  find  the  other  oblique  angle  by  making  the  sum 
of  it  and  the  given  angle=90^+that  excess ;  if  we 
then  subtract  one-third  of  the  spherical  excess  from 
each  of  these  oblique  angles,  and,  with  the  angles  so 
corrected,  compute  the  sides  by  the  rules  of  plane 
trigonometry ;  we  shall  obtain  them  with  great 
ease,  and  with  all  the  precision  that  the  problem  ad- 
mits of.  It  would  seem,  then,  that  this  last  method 
of  calculation  is  greatly  preferable  to  the  former. 

We  are  perfectly  aware  of  the  caution  with  which 
theoretical  men,  sitting  quietly  in  their  closets, 
should  o£fer  advice  to  those  who  add  the  practice  of 
art  to  the  speculation  of  science  ;  who  sacrifice  ease 
and  comfort  to  literary  pursuits,  and  earn  their  re* 
putation  not  merely  by  deep  study,  but  by  the  sweat 
of  the  brow  and  the  labour  of  the  hands.  We  feel 
the  full  force  of  this  maxim,  and  are  writing  at  the 
present  moment  under  the  strongest  impression  of 
its  truth.  Yet,  when  we  venture  to  recommend 
the  method  of  calculation  just  described,  as  fit  to  be 
employed  in  the  trigonometrical  survey,  we  are  not 
much  afraid  that  the  person  best  able,  and  most  in- 
terested to  judge  correctly  on  that  subject,  after 

VOL.  IV.  o 
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making  the  trial,  will  be  iDclined  to  censure  our 
rashness. 

The  length  to  which  these  remarks  have  already 
extended,  forces  us  to  pass  over  the  operations  of 
several  of  the  subsequent  years  when  the  survey 
was  carried  westward  as  far  as  the  Land's-End, 
and  again  eastward  to  the  remaining  part  of  Kent, 
to  Essex  and  the  interior  of  the  country,  Oxford* 
shire,  &c.  Though  these  accounts  are  interesting 
from  the  importance  of  the  places  surveyed,  and 
particularly  from  the  drawing  of  four  different  me- 
ridians, and  the  determination  of  their  difference  of 
longitude,  we  shall  pass  to  the  consideration  of  the 
last  thing  performed  in  the  survey,  which  is  the 
measure  of  an  arch  of  the  meridian  between  Dun- 
nose  in  the  Isle  of  Wight,  and  Clifton  near  Don- 
caster.  For  the  purpose  of  this  measurement.  Ma- 
jor Mudge  was  furnished  with  a  new  instrument,  of 
the  workmanship  of  Uamsden,  viz.  a  zenith  sector 
for  the  celestial  observations,  which  were  now  re- 
quired to  be  made  with  the  greatest  possible  exact- 
ness. Though  several  instruments  of  this  kind 
have  been  constructed  by  former  ardsts,  and  many 
of  them  excellent,  yet  that  which  we  have  just 
mentioned  seems  greatly  superior  to  them  all.  In 
it,  the  defects  of  former  constructions  are  obviated, 
and  many  new  improvements  introduced.  Among 
these  must  be  reckoned  the  method  of  suspending 
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the  instrument,  of  bringing  it  into  the  vertical 
plane,  of  turning  it  to  face  opposite  ways,  and, 
most  of  all,  the  contrivance  for  adjusting  the  plumb- 
line  perpendicularly  over  the  centje  of  the  sector, 
in  which  the  skill  of  the  optician  and  the  mechanist 
are  eminently  combined.     The  instrument  is  sup- 
ported by  a  strong  pyramidal  frame  ;  the  telescope 
is  an  achromatic,  eight  feet  long ;  the  radius  of  the 
sector  is  nearly  the  same  ;  and  the  angles  measured 
on  its  limb  may  be  read  off  to  decimals  of  a  second. 
The  whole  is  a  masterpiece  of«  original  design  and 
^Lilful  execution  ;  and,  to  its  intrinsic  value,  adds 
that  of  being  almost  the  last  work  of  an  artist,  who 
was  never  equalled  by  those  who  went  before  him, 
and  will  not  soon  be  surpassed  by  those  who  $huil 
come  after. 

The  meridian  of  Dunnose,  in  the  Isle  of  Wight» 
was  pitched  on  by  Major  Mudge  to  be  extended 
northward,  as  affording  a  better  opportunity  than 
any  other  of  measuring  on  it  a  large  arch,  free,  as 
far  as  could  be  foreseen,  from  the  action  of  any  dis- 
turbing force.  The  meridians  further  to  the  west, 
though  they  might  be  produced  to  a  greater  length 
before  they  reached  the  sea,  entered  sooner  into  ^ 
a  mountainous,  or  at  least  a  hiliy  country,  where 
the  direction  of  gravity  must  be  affected  by  the 
inequalities  of  the  surface.  The  meridian  of  Dun- 
nose,  traversing  the  plains  of  Hampshire,  Berk- 
shire, &c.  and  so  on  to  Yorkshire,  intersect^  the 
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sea-coast  near  the  mouth  of  the  Tees,  without  hav* 
ing  passed  over  any  high  hind,  except  on  the  con- 
fines of  Northamptonshire  and  Warwickshire,  near 
the  sources  of  the  Nen  and  the  Ayon,  wh^re  the 
ground  rises  to  the  height  of  800  or  900  feet  abote 
the  level  of  the  sea,  with  a  gradual  slope  both  to 
the  south  and  to  the  north.     The  part  of  this  line 
which  has  been  actually  measured,  extends  frmn 
Dnnnose  to  Clifton,  not  far  from  Doncaster,  a  dis- 
tance of  more  than  196  miles,  the  length  of  which 
was  determined  by  a  series  of  triangles  carried  from 
one  end  of  it  to  the  other,  like  those  that  have  been 
already  mentioned.     The  sides  of  these  triangles 
were  deduced  from  the  bases  on  Hounslow-heath 
and  Salisbury.plain,  as  in  other  parts  of  the  survey  ; 
but,  for  the  greater  security,  another  base  of  about 
five  miles  was  measured  on  Misterton  Car,  near  the 
northern  extremity  of  the  chain  of  triangles ;  and 
this  was  done  with  the  same  precautions  which 
have  been  before  enumerated.     The  latitude  of 
Dunnose  and  Clifton  were  then  accurately  deter- 
mined by  the  sector,  from  stars  near  the  zenith, 
observed  in  their  passage  over  the  meridian.    The 
c  instrument  was  also  carried  to  Ardbury-hill,  (near 
Daventry  in  Northamptonshire,)  not  far  from  the 
middle  of  the  line,  the  latitude  of  which  was  also 
exactly  determined.    Besides  this,  as  Blenheim  was 
not  far  distant  from  this  meridian,  and  as  its  paral- 
lel of  latitude  had  been  accurately  determined  by 
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the  Duke  of  Marlbcvrough,  from  a  series  of  observa- 
tions made  with  the  best  instruments,  the  intersec-* 
don  of  this  parallel  with  the  meridian  could  be 
fixed  with  accuracy,  and  gave  of  course  another 
subdivision,  both  of  the  geodetical  distance  and  the 
celestial  arch.  The  same  was  done  with  respect  to 
the  parallel  of  Greenwich ;  and  thus,  besides  the 
total  length  of  the  meridian  line  from  Dunnose  to 
Clifton,  there  were  given  three  intermediate  points 
in  that  line.  Math  the  distances  between  them,  and 
also  the  amplitudes  of  the  corresponding  arches  in 
the  heavens.  From  the  comparison  of  all  these 
determinations,  some  curious  and  unexpected  con- 
clusions have  been  deduced. 

!•  The  entire  length  of  the  meridian  line,  from 
Dunnose  to  Clifton,  is  1036SS7  feet,  or  196.29 
miles  i  the  latitude  of  Dunnose  being  50^  ST]' 
W'Jti^  and  the  arch  between  its  zenith  and  that  of 
Clifton  2*"  5(y  23'^38.  Hence,  the  length  of  a  de- 
gree  in  the  middle  between  these  places,  or  in  lat« 
59?  9f  9IQr\  is  60820  fathoms. 

2,  In  the  same  way,  by  computing  the  length  of 
a  degree  for  the  middle  latitude  between  Ardbury- 
Hill  and  Dunnose,  viz.  51'  35'  18",  it  is  found 
equal  to  60864  fathoms.  This  is  44  fathoms 
greater  than  the  former,  though,  being  about  27' 
more  to  the  south,  it  ought,  according  to  every 
notion  of  the  earth's  oblate  figure,  to  be  several 
fathoms  less* 
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3.  Comparing,  in  like  manner,  the  distance  be-^ 
tween  Ardbury-Hili  and  Clifton  with  the  arch  in-* 
tercepted  by  their  zeniths,  the  degree  in  the  latitude 
of  52^  6(y  30"  is  60766  fathoms  ;  which  is  less  than 
either  of  the  former,  though,  by  being  a  good  deal 
further  to  the  north,  it  ought  to  be  considerably 
greater. 

4;  The  intersections  of  the  parallels  of  Blenheim 
and  Greenwich  mth  this  meridian,  give  results  of 
the  same  kind,  all  tending  to  show  that  the  degrees 
diminish  on  going  from  the  south  to  the  north, 
though  not  regularly,  nor  according  to  any  law  yet 
known.  These  inconsistencies  are  very  striking, 
when  it  is  considered  that,  on  the  supposition  of 
the  earth  being  compressed  at  the  poles,  the  degrees 
of  the  meridian  must  go  on  increasing  as  we  proceed 
northward,  and  in  our  latitudes  nearly  at  a  uniform 
rate ;  each  degree  exceeding  that  immediately  to 
the  south  of  it  by  about  twenty  fathoms,  according 
to  the  theories  that  make  the  earth's  oblateness  the 
greatest ;  and  about  ten,  according  to  those  which 
make  it  the  least. 

To  whatever  cause  these  irregularities  are  to  be 
attributed,  it  cannot  be,  we  are  well  convinced,  to 
the  inaccuracy  of  the  observations.  The  probable 
limits  of  such  inaccuracy  are  considered  by  Major 
Mudge*  himself ;  and  though  he  estimates  them 
as  very  small,  yet,  by  any  one  who  has  carefully 
studied  the  observations  themselves,  and  remarked 
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their  closeness  to  one  another,  he  will  not  be 
thought  to  have  diminished  them  more  than  the 
circnmstances  authorized  him  to  do. 

He  states  it  as  his  opinion,  after  a  re-examination 
of  all  his  data^  that  the  extreme  of  the  error  in  the 
measurement  of  the  whole  distance,  though  nearly 
197  niiles,  is  not  more  than  100  feet,  answering  to 
about  V^  of  a  degree,  and  that  the  probable  error 
does  not  exceed  one  half  of  that  quantity.     In  the 
determination  of  the  celestial  arch  he  does  not 
state  so  precisely  his  estimation  of  the  error,  or  the 
limits  within  which  it  is  contained  ;  but,  taking  in 
the  multitude  and  the  agreement  of  the  observa^ 
tions,  we  should  imagine  that  at  any  one  station  it 
can  hardly  amount  to  a  second.     It  is  therefore  to 
the  action  of  some  external  cause,  affecting  the  di-^ 
rection  of  the  plumb-line,  that  the  irregularities 
above  stated  are  to  be  ascribed.     **  I  am  disposed," 
says  the  Major,  '*  to  believe  that  the  plumb-line 
was  drawn  towards  the  south,  from  the  action  of 
matter  both  at  the  northern  extremity  of  the  arch 
and  at  Ardbury-hill ;  but  more  particularly  at  the 
first-mentioned  station."—"  The  general' tenor  of 
the  observations  seems  to  prove  that  the  plumb-line 
of  the  sector  has  been  drawn  toward  the  south  at  all 
the  stations,  and  that  by  attractive  forces,  which  in- 
crease as  we  proceed  northward.**   From  what  phy- 
sical cause  this  attraction  proceeds,— from  what 
circumstance  in  the  structure  or  formation  of  the 
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island,  he  does  not  offer  any  conjecture,  neither 
shall  we  presume  to  do  so.  The  continuation  of 
the  meridian  to  the  north  will  probably  throw  some 
further  light  on  this  interesting  subject. 

It  is,  however,  material  to  be  observed,  that  when 
the  degrees  are  irregular,  as  they  appear  to  be  here, 
the  magnitude  of  the  middle  degree  between  two 
given  latitudes  is  not  rightly  found,  by  dividing  the 
terrestrial  distance  by  the  celestial  arch.  This  pro- 
cess is  only  correct,  on  the  supposition  that  the  de- 
grees increase  or  decrease  in  arithmetical  progres- 
sion, or  at  an  uniform  rate  :  if  they  vary  according 
to  any  other  law  whatever,  the  degree  found  by  the 
above  operation  will  not  be  the  degree  in  the  mid- 
dle point  of  the  arch.    This  caution  is  necessary  to 
be  attended  to,  if  we  would  deduce  from  the  obser- 
vations no  more  than  what  necessarily  follows  from 
them.     It  may  be  further  remarked,  that  in  the 
doubt  we  are  in  about  the  figure  of  the  ea^h, 
whether  it  be  a  solid  of  revolution,  and  whether 
different  meridians  may  not  be  unequal  and  dissi- 
milar curves,  it  may  be  questioned  whether  the 
places  on  one  meridian  can  be  safely  reduced  to 
another,  by  the  supposed  intersections  of  their  pa* 
rallels  with  this  last ;  and  whether,  by  supposing 
such  reduction,  as  when  the  observatories  of  Green- 
wich and  Blenheim  are  placed  on  the  meridian  of 
Dunnose,  we  do  not  complicate  the  question  unne- 
cessarily by  the  introduction  of  a  new  and  unknown 
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element*  The  distances  of  these  places  to  the 
eastward  of  the  meridian  being  but  small,  it  is 
indeed  probable  that,  in  the  present  case,  any  error 
introduced  by  them  must  be  very  inconsiderable ; 
but  it  is  at  least  right  to  be  apprised  of  the  possibi- 
lity of  its  existence. 

Though  we  have  no  doubt  that  irregularities, 
which  are  at  present  so  difficult  to  be  accounted 
for,  will,  by  the  prosecution  of  the  subject,  become 
perfectly  explained,  we  confess  that  we  have  felt 
some  disappointment  on  reflecting,  that  hither- 
to the  more  that  has  been  done  to  ascertain  the 
figure  of  the  earth  by  the  measurement  of  d^ees, 
the  less  satisfactory,  in  some  respects,   has  our 
knowledge  of  it  become.     The  more  microscopical- 
ly we  have  observed,  the  more  irregularities  we 
have  discovered ;    and  in  the    last  experiment, 
which   may   be  justly  reckoned  the  best,  what 
is  accounted  the  natural  order  of  things,  has  been 
almost  completely  inverted.     All  this,  however,  h 
only  a  motive  for  continuing  the  research }  which, 
if  prosecuted  with  skill  and  perseverance,  must  ul- 
timately lead  to  the  knowledge  of  the  truth.    The 
thne  was,  when  the  planetary  motions  were  involv- 
ed in  the  same  confusion,  and  seemed  the  more  un- 
accountable and  perplexed,   the  more   carefully 
they  were  studied.     We  may  hope  for  the  same  is- 
sue in  both  cases,  and  that  the  figure  of  the  earth 
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will  one  day  be  as  perfectly  known  as  the  orbit  of  a 
planet. 

In  such  circumstances,  we  may  congratulate  the 
public,  or  those,  at  least,  who  are  interested  in  the 
progress  of  science,  on  the  continuance  of  the  Tri- 
gonometrical Survey  of  England,  notwithstandii^ 
the  long  and  expensive  wars  in  which  the  country 
has  been  engaged  since  the  commencement  of 
it.  The  expense  of  the  Survey,  indeed,  is  of  little 
moment,  compared  with  the  object  to  be  attained 
by  it;  but,  in  all  times  of  difficulty,  and  in  all 
plans  of  economy,  the  indulgences  most  intellec- 
tual and  scientific  are  the  first  things  to  be  sacrific- 
ed. It  is  to  the  credit  of  Government  that  it  has 
been  so  far  otherwise  in  the  present  instance. 

A  reflection,  iTatu  rally  called  forth  by  the  con- 
templation of  so  much  accuracy  as  is  displayed 
in  the  whole  of  the  work  now  under  our  revieiv,  is, 
how  much    slower  the    mathematical    arts   have 
advanced  than  the  mathematical  sciences.    Though 
the  former  were  no  doubt  the  first  to  start  in 
the  progress  of  improvement,  they  appear  to  have 
fallen  behind,  almost  from  the  fii*st  outset.     The 
rude  manner  in  which  Archimedes  measured  the 
i^parent  diameter  of  the  sun  is  well   known; 
and  while  that  great  geometer  was  investigating  the 
properties  of  the   sphere  and   cylinder  with   an 
acuteness  and  depth  that  have  been  the  admiration 
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of  an  succeeding  a^:es,  he  was  resc^ng  one  of  the 
simplest  probleins  of  practical  astronomy^  in  a 
more  inaccurate  manner  than  would  be  suffered  in 
an  ordinary  seaman  of  modem  times*  Wlien  the 
great  problem  of  measuring  the  circumference  of 
the  earth  was  first  thought  of,  the  princifde  up* 
on  which  the  solution  was  attempted  was  perfectly 
scientific,  and  the  same,  in  fact,  with  that  which  we 
have  just  been  considering;  but  the  execution, 
though  in  the  hands  of  able  mathematicians,  was 
slovenly  and  inaccurate  in  the  extreme.  The  aca-* 
demicians  of  modem  Europe  have  traversed  the 
globe,  from  the  equator  to  the  polar  circle,  in  order 
to  resolve  this  great  problem,  and  are  still  labouring 
hard,  as  we  have  seen,  to  give  perfect  accuracy 
to  their  conclusions.  The  academicians  of  Greece 
and  Egypt  put  themselves  to  no  such  inconveniency. 
Eratosthenes,  when  he  engaged  in  the  inquiry,  ne- 
ver quitted  his  observatory ;  but  having  measured 
the  sun's  solstitial  elevation  at  Alexandria,  where 
he  lived,  he  took  for  granted,  on  report,  that  on  the 
same  day  the  sun  was  in  the  zenith  of  Syene,  being 
seen  there  from  the  bottom  of  a  deep  well.  He  al- 
so assumed  on  no  better  authority,  the  distance  and 
bearing  of  the  two  places,  and,  with  such  data^  was 
not  ashamed  to  say  that  he  had  computed  the  cir- 
cumference of  the  earth. 

At  a  much  later  period,  our  countryman  Nor- 
wood set  about  determining    the   circumference 

11 
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of  the  earthy  with  an  accuracy  as  much  superior  to 
that  of  the  Greek  geometer^  as  it  was  inferior 
to  that  which  has  been  the  subject  of  the  preceding 
remarks.  Having  determined  the  latitudes  of 
London  and  York  by  observation,  he  travelled  from 
the  one  place  to  the  other,  measuring  along 
the  high*road  with  a  chain,  and  taking  the  bearings 
with  a  compass.  He  was  well  satisfied  vdth  the  ac- 
curacy of  his  work.  <<  When  I  measured  not,'^ 
says  he^  ^^  I  paced  ;  and  I  believe  the  experiment 
has  come  within  a  scantling  of  the  truth.'* 

It  is  curious  to  ccmipare  these  early  essays  of 
practical  geometry  with  the  perfection  to  which  its 
operations  have  now  reached,  and  to  consider,  that 
while  the  artist  had  made  so  little  pn^ress,  the  the- 
orist had  reached  some  of  the  sublimest  heights  of 
mathematical  speculation;  that  the  latter  had 
found  out  the  area  of  the  circle,  and  calculated  its 
circumference  to  more  than  a  hundred  places  of  de- 
cimals, when  the  former  could  hardly  divide  an 
arch  into  minutes  of  a  d^ree ;  and  that  many  ex- 
cellent treatises  had  been  written  on  the  properties 
of  curve  lines,  before  a  straight  line  of  considerable 
length,  had  ever  been  carefully  drawn,  or  exactly 
measured,  on  the  surface  of  the  earth. 
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It  is  remarkable,  that  some  of  the  clearest  of  our 
ideas  are  incapable  of  being  accurately  expressed  by 
means  of  language,  or  of  any  arbitrary  symbols 
whatsoever.  This  happens  with  respect  to  certain 
ideas  of  quantity  ;  while,  with  respect  to  others  not 
more  clear  or  definite,  the  contrary  takes  place. 
Of  the  magnitude  of  a  line,  for  instance,  no  precise 
notion  can  be  conveyed  in  words  from  one  man  to 
another,  except  by  comparing  it  with  a  line  already 
known  to  them  both  ;  and  if  a  such  a  standard  of 
comparison  is  wanting,  the  ordinary  means  of  infor- 
mation fail  entirely,  and  there  is  no  resource  but  in 
the  actual  exhibition  of  the  line  itself.  It  is  quite 
otherwise,  again,  where  either  the  ratio  or  the  an- 
gular position  of  magnitudes  are  concerned :  these 
can  be  fully  explained  by  verbal  communication, 
and  never  require  the  production  of  the  objects 

♦  From  the  Edinburgh  Review,  Vol.  IX.  (1807.)— Eo. 
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themgelves.  We  know  what  a  Greek  geometer 
meant  by  a  right  angle,  or  by  an  angle  of  one  de- 
gree, just  as  well  as  if  we  had  before  our  eyes  a 
circle  divided  by  some  artist  of  Athens  or  Alexan- 
dria. We  understand,  too,  what  he  means  when 
be  speaks  of  the  ratio  of  two  to  one,  or  of  the  ratio 
of  the  diagonal  of  a  square  to  its  side ;  but  if  he 
specifies  some  individual  length,  of  a  foot  for  ex- 
ample, a  spithame,  or  a  stadium,  we  comprehend 
nothing  of  the  matter,  unless  he  has  made  a  refe- 
rence to  some  common  standard,  that  is,  to  some 
magnitude  which  remains  the  same  now  as  when  he 
wrote. 

So  also  when  Eratosthenes  tells  us  that  the  dis- 
tance between  Alexandria  and  Syen6  subtends,  at 
the  earth's  centre,  an  angle,  which  is  the  fiftieth 
part  of  four  right  angles,  we  are  at  no  loss  to  com- 
prehend what  is  meant ;  but  when  he  says  that  the 
distance  between  the  two  places  is  5000  stadia,  we 
receive  no  accurate  information ;  and  much  critical 
discussion  has  been  required  to  extract  even  a  very 
uncertain  meaning  from  his  words. 

This  imperfection  of  language  is  founded  in  the 
nature  of  things,  and  is  impossible  to  be  removed. 
The  inconveniences  arising  from  it  have  been  felt 
not  only  by  the  learned  and  scientific,  but  by  all 
who  have  been  concerned  about  measuring,  weigh- 
ing, or  computing,  even  in  the  most  imperfect  state 
of  the  aits.     In  the  measures  of  every  country,  we 
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may  perceive  attempts  to  obviate  the  difficulties 
which  have  just  been  mentioned^  and  must  feel 
some  interest  in  remarking  the  expedients  adopted 
for  that  purpose  by  rude  and  unenlightened  men. 
The  foot  which  we  recognize  among  the  measures 
of  almost  all  nationsi  was  taken  from  the  standard 
of  the  human  foot,  and  varies,  accordingly,  within 
limits  of  no  very  considerable  extent*      Other 
standards,  supposed  more  precise,  were  sometimes 
had  recourse  to*     Among  agricultural  nations,  the 
inch  has  been  determined  by  the  length  of  three 
barley  corns ;  and  to  the  equestrian  tribes  of  Arabia^ 
the  breadth  of  a  certain  number  of  hairs  from  a 
horse's  tail  afforded  a  standard  of  the  same  kind. 
In  weights,  a  drop  of  water  appears  to  have  been 
r^rded  as  a  unit,  according  to  some  methods  of 
reckoning ;  and,  according  to  others,  a  grain  oi 
wheat  stood  for  the  weight  which  still  takes  its 
name  from  that  origin.     Some  authors  would  have 
us  believe  that  the  ancients,  in  their  attempts  to 
form  a  standard  measure,  had  proceeded  very  Ibr 
beyond  these  rude  essays.     Faucton,  in  his  Mitrxh 
logie^  will  have  it,  that  the  circumference,  or  the 
diameter  of  the  earth,  was  the  standard  to  which 
they  referred  in  their  measures  of  length.     BaiUy 
has  supported  the  same  opinion,  vrith  the  ingenuity 
and  learning  displayed  in  all  his  speculations ;  and 
he  endeavours  to  prove,  that  the  stadium  was  al- 
ways taken  for  an  aliquot  part  of  the  eiUlh's  cir- 
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cumfcfinioey  that  piM  being  different  with  diflferrat 
mioiiay  and  with  diffinrent  audiors*    No  ingeniuQrr 
kowefor,  can  render  thia  auppoeitioii  probable^ 
.  The  aadenis  had  no  means  of  dettfminii]^  with 
any  tolerabfe  preciaon^  the  magnitude  of  diat  great 
jmtt  to  which  their  meaiurea  are  supposed  to  re- 
fir*    Bendes,  if  such  a  reference  had  been  intend* 
•df  it  could  not  surely  ha?e  been  unknown  to  th^mi- 
selves ;  yet  we  are  well  assured^  that  neither  Aris- 
lotloy  nor  Fossidoniiis,  nor  Flioyt  nor  any  other  an- 
eient  author  who  laya  down  the  dimensions  of  the 
globe,  conceived  that  the  difference  between  him 
and  other  writers  was  only  aj^arent,  or  that  he 
agreed  with  them  about  the  magnitude  of  the  earth, 
and  differed  only  about  the  length  of  the  measure  in 
which  he  chose  that  its  dimensions  should  be  expres- 
sed.    The  first  attempt  at  fixing  such  a  standard  of 
measure  as  should  be  accurate,  fmd  universal,  both 
as  to  place  and  time,  is  due  to  the  inventive  genius 
cf  the  celebrated  Huygens.     That  philosopher  de- 
monstrated that  the  times  of  vibratioiui  of  pendu- 
fauhs  depend  on  their  length  only  i  and,  whatever 
lie  their  structure^  that  a  certain  point  may  be 
found,  which  in  pendulums  that  vibiate  in  the  same 
time,  is  constantly  at  'the  same  distance  from  the 
centre  of  suspension*     Hence  he  conceived  that  the 
pendulum  might  afford  a  standard,  or  unit,  for 
measures  of  length ;  and  though  a  correction  would 
be  necessary,  because  the  intensity  of  gravitation 

10 
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wm  not  the  same  in  all  latitudes,  be  believed  tbat 
acience  furnished  the  means  of  determining  tbis 
correction,  with  sufficient  accuracy.  Ficard  laid 
liotd  of  the  same  notion,  and  Cassini,  in  his  bocdk 
De.la  Grandeur  de  la  Terre,  proposed  another 
unit,  taken  also  from  nature,  though  not  so  easily 
obtained,  viz.  the  six  thousandth  part  of  a  minute 
of  a  degree  of  a  great  circle  of  the  earth.  A  simi<» 
laridea  had  even  earlier  occurred  to  Mouton.  No 
attempt,  however,  was  made  to  raise,  upon  any  of 
these  standards,  a  r^ular  system  of  measures, 
adapted  either  to  the  purposes  of  science  or  of  oi' 
dinary  life.  Among  the  measures  and  weights 
that  actually  prevailed  throughout  Europe,  the  ut- 
most confusion  and  perplexity  continued  to  take 
plaoe..  In  each  sort  of  measure  units  of  different 
magnitudes  were  admitted.  These  were  inaccurate- 
ly'divided,  and  variously  reckoned,  to  the  disgrace 
of  the  economical  arrangements  of  every  country 
where  they  were  foupd.  The  inconveniences 
which  arose  from,  thesice  were  generally  felt,  and 
complained  of.  Remedies  were  every  where  pror 
posed,  but  no  serious  attempt  was  made  to  apgly 
them.  France  was^  in  these  respects,  in  the  same 
condition  with  other  nations.  A  system^  however, 
that  had  nothing, to  support  it  but  the  authority  of 
the  past  time,  and  the  inactivity  of  the  present,  was 
not  likely  to  maintain  itself  long  against  the  spirit 
of  reform  which  became  so  general  in  that  country 
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at  the  commencement  of  the  Revolution.     This 
system,  too,  beside  the  other  objections  to  it,  had 
the  misfortune  to  appear  connected  with  all  the 
abominations  of  the  feudal  times.     The  abolition 
of  it,  therefore,  was  resolved  on  ;  and  it  would  have 
been  happy  for  France  rnd  for  Europe,  if  every 
thing  which  was  then  destroyed  had  been  replaced 
by  as  solid  and  usefiil  a  structure  as  that  which  we 
are  going  to  describe.     In  the  reformation  propos- 
ed, two  principal  objects  were  kept  in  view.     The 
first  was  the  establishment  of  a  natural  standard  for 
the  measures  of  linear  extension,  and  of  course  for 
the  measures  of  all  other  quantities.     The  second 
was,  to  render  the  computation  of  those  measures 
subject  to  the  same  arithmetical  system  that  is  used 
in  other  calculations.      For  this  purpose,  the  unit 
of  measure  was  to  be  divided  decimally,  and  to  be 
multiplied  decimally,  in  order  to  constitute  the 
other  measures  which  it  might  be  necessary  to  em- 
ploy.    No  fractions  but  decimal  were  to  be  used  in 
expressing  quantities  of  any  sort ;  and  the  great 
improvement  of  having  but  one  arithmetical  scale 
foff  reckoning  integers  and  fractions  of  every  kind, 
was  in  this  way  to  be  introduced  ; — an  improve- 
ment so  obvious,  and  withal  so  little  difficult,  that 
it  is  matter  of  surprise  that  it  should  not  have  been 
attempted  till  near  a  thousand  years  after  decimal 
arithmetic  itself  was  first  introduced  into  Europe. 
In  treating  of  this  reform,  however,  we  cannot 
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help  remarking  that  the  French  academiciansy 
though  freed  at  the  moment  we  now  speak  of^  like 
the  rest  of  their  countrymen,  from  the  dominion  of 
that  inertia  which  reigns  so  powerfully  both  in  the 
natural  and  moral  world,  and  gives  the  time  that  is 
past  such  influence  over  that  which  is  to  come; 
though  delivered  from  the  action  of  this  force,  in  a 
degree  that  was  perhaps  never  before  exemplified, 
they  may  be  accused,  at  least  in  one  instance,  of 
having  innovated  too  little,  and  of  having  been  too 
cautious  about  departing  from  an  established  prac- 
tice, though  reason  was  by  no  means  on  its  side. 
What  we  allude  to,  is  the  system  of  arithmetical 
computation,  in  which  they  resolved  to  adhere  to 
the  decimal  scale,  instead  of  adopting  the  duodeci* 
mal,  which,  from  the  nature  of  number,  is  so  evi- 
dently preferable.  This  preference,  we  believe,  is 
generally  admitted  in  theory  ;  and  there  can  be  no 
doubt,  that  a  rational  being,  conversant  with  the 
nature  of  number,  if  called  on  to  choose  his  own 
arithmetical  system,  and  having  no  bias  from  cus*> 
tom,  prejudice,  or  authority,  would  not  hesitate  a 
moment  about  adopting  the  duodecimal  system  in 
preference  to  the  decimal,  and,  as  we  think,  in 
preference  to  all  other  systems  whatsoever.  The 
property  of  the  number  twelve,  which  recommends 
it  so  strongly  for  the  purpose  we  are  now  consider- 
ing! is  its  divisibility  into  so  many  more  aliquot 
parts  than  tep,  or  any  other  number  that  is  not 
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mnch  greater  than  itself.  Twelve  ii  dniuble 
S,  by  S,  by  4,  and  by  6 ;  and  this  circuoiBtance 
it  so  mli  for  thepnrposea  of  arithmetical  compi 
tion»  that  it  has  been  resorted  to,  in  all  tiniea 
the  most  eonTenient  number  into  which  any- 1 
either  of  wnght  or  of  measure  eould  be  divided 
.' .  The  divisions  of  the  As,  the  UbrOj  the  Jvger 
die  Foot,  are  all  proofs  c^  what  is  here  assert 
and  this  -advantage,  which  was  perceived  in  r 
and  early  times,  would  have  been  found  of  g 
value  in  the  most  improved  state  of  mathemal 
science.  Ten  has  indeed  no  advantage  as  the 
diz  of  numerical  computation,  and  has  been  rs 
to  the  dignity  which  it  now  holds,  merely  by 
tdrcumitance  of  its  expressing  the  number  i 
man's  fingers.  They  who  regard  science  as 
creature  of  pure  reason,  must  feel  somewhat  m 
nant,  that  a  conaderstion  so  foreign  and  mech 
cal  should  have  determined  the  form  and  orde 
one  of  the  most  intellectual  and  abstract  of  all 
sciences. 

The  duodecimal  scale  would  no  where  have  b 
found  of  greater  use  than  when  applied  to  the 
de,  the  case  in  which  the  decimal  division  is  li 
to  the  strongest  objections.  The  number  by  vrl 
tlie  circumference  of  the  circle  is  expressed,  ov 
not  only  to  be  divisible  into  four  integer  parts, 
in  the  French  system,)  but  also  into  six ;  for 
sixth  part  of  the  circumference,  having  its  cli 


MBSURK  B^aN  ARC  0U  BffiBimRM,  SSI 

equal  to  the  radius,  iiaturall]^  fidlfl»  m  the  coDBtniCK 
tioa  of  instrameztts,  and  in  the  eompiita(S<»i8  ef  tri^ 
gODometiy,  to  be  expressed  by  an  int^er  aumben; 
According  to  the  decimal  division  of  ifhe  quadnuat^ 
the  sixtii  part  of  the  xurcmnferenee  not  imly  is  with^ 
o«t  an  int^er  expreaaiony  but  the  decimal  ftactioii 
by  which  it  ia  measured  is  one  diat  runa  on  contiri 
nually  without  aay  termination*  Hiis  is  at  lehs(b;a 
deformity  that  arises  from  the  rigid  adfaerencfe;  tm 
the  decimal  division ;  and  it  is  probably  the  main 
cause  why  that  ditisioa  has  been  found  so  difficidt 
to  introduce  into  trigonometrical  and  astronomidal 
calculation.  In  astronomical  tables,  we  believe  i  It 
has  never  been  adopted.  * 

The  adoj^ing  of  twelve  for  the  radix  of  the  aritbf 
metieal  scide  would  have  obviated  all  these  difficttlp 
jties'j  ijt  cmld  have  been  extended  with  equal  e»a0 

'*  Supposing  the  decimal  divisi^  to  be  extended  to  the 
circle^  instead  of  diridkig  the  qtiadrant  into  1Q0>  and  ib$ 
circomftgrenc^  into  400>  $8  the  IB'rendli  have  done^  it  wou]4 
have  been  better^  perbap^^  to  have  divided  the  «ijLth  part  qf 
the  circumference  intp  100^  the  quadrant  of  course  into  150^ 
and  the  whole  circumference  into  600.  This  would  liaV^ 
^iven  an  easy  expression  for  the  three  great  natural  diviiioiis 
of  the  drcomference  into  6,  A,  and  S ;  and  Would  have  de^ 
noted  the  whole  by  a  number  (600):  which  does  iiol  vioI#f 
the  strict  nile  of  dividing  by  the  ,pqwer«  lof  lOj  any  mxx% 
than  400  does.  The  advantages  of  the  4ocimal  and  sexage- 
aipial  systems  would  by  this  means  have  been  m  a  greal 
measure  united. 
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to  quantities  of  every  kind ;  and  the  introdnctioii 
of  it  would  not  have  been  accompanied  with  any 
preaent  inconvenience  of  such  magnitude  as  should 
have  deterred  geometers  from  making  the  attempt. 
We  have  ktely  seen  a  manuscript  containing  the 
system  of  duodecimal  arithmetic  puvsued  into  all  its 
dietail.  Two  new  names  are  necessary  for  the 
numbers  eleven  and  twelve }  and  the  whole  arith- 
flietica]  language,  for  the  numbers  above  ten,  is 
consequently  changed,  but  in  a  manner  so  analogi-s 
cal,  as  to  remove  all  difficulty,  whether  in  the  con-s 
trivance  or  in  the  acquisition  of  this  new  vocabulary. 
The  arithmetical  characters  must  also  undeigo  an 
entire  change  ;  the  first  eleven  letters  of  the  Greek 
alphabet  are  adopted  in  the  scheme  to  which  we  re- 
fer ;  and  by  means  of  them  and  the  cypher,  which 
is  still  retained,  the  notation  proceeds  by  rules  that 
are  easy,  and  well  known. 

We  regret,  therefore,  that  tjhe  experiment  of 
this  new  arithmetic  was  not  attempted.  Another 
opportunity  of  trying  it  is  not  likely  to  occur  soon. 
In  the  ordinary  course  of  human  affiurs,  such  im- 
provements are  not  thought  of;  and  the  moment 
may  never  again  present  itself,  when  the  wisdom  or 
delirium  of  a  nation  shall  come  up  to  the  level  of 
this  species  of  reform. 

But,  to  return  to  what  respects  the  natural  and 
universal  standard  of  measure,  we  must  remark, 
that  the  fixing  on  such  a  standard,  and  the  abolition 
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of  the  present  diversity  of  weights  and  measurei^ 
was  an  object  that  very  early  drew  the  attention  of 
the  Constituent.  Assembly.  It  was  proposed  in 
diat  assembly  by  M.  de  Talleyrand,  and  decreed 
accordingly,  that  the  king  should  be  intreated  to 
write  to  his  Britannic  Majesty,  to  engage  the  Par- 
liament of  England  to  concur  with  the  National 
Assembly  in  fixing  a  natural  unit  of  weights  and 
measures ;  that,  under  the  auspices  of  the  two  na- 
tions, 101  equal  number  of  Commissioners  from  the 
Academy  of  Sciences  and  the  Royal  Society  of 
London,  might  unite  in  order  to  determine  the 
length  of  the  pendulum  in  the  latitude  of  4^%  or 
in  any  other  latitude  that  might  be  thought  prefer* 
able,  and  to  deduce  from  thence  an  invariable  standr 
ard  of  measures  and  of  weights.  This  decree  pass* 
ed  in  August  1790.  The  Academy  named  a 
Commission,  composed  of  Borda,  Lagrange,  La* 
place,  Monge,  and  Condorcet ;  and  their  report 
is  printed  in  the  Memoirs  of  the  Academy  for 
1788.  *  Three  di£Perent  units  fell  under  th^  ccm-r 
sideration  of  these  philosophers ;  to  wit,  the  length 
of  the  pendulum,  the  quadrant  of  the  meridian, 
and  the  quadrant  of  the  equator.  If  the  first 
of  these  was  to  be  adopted,  the  commissioners  wer§ 
of  opinion,  that  the  pendulum  vibrating  seconds  in 
the  parallel  of  45^  deserved  the  preference,  because 

•  Published  1791. 
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it  is  the  arfthinetical  mean  between  the  like  pendu^ 
lums  in  all  other  latitudes.  They  observed,  how- 
erer,  that  the  pendulum  involves  one  elemoit  which 
is  heterogeneous,  to  wit,  timet  an^  imother,  which  is 
ferbitrary,  to  wit,  4^e  divisifm  o£  the  day  into 
86,400  seconds.  It  seemed  to  them  better'  that 
the  unit  of  length  should  not  d^rad  on  a  quantity 
of  a  kind  different  fVom  itself,  nor  aa  any  thing 
that  was  arbitrarily  assumed. 

The  commissioners,  therefore,  were  brought  to 
deliberate  between  the  quadrant  of  the  equator, 
and  the  quadrant  of  the  meridian  i  and  they  were 
determined  to  fix  on  the  latter,  because  it  is  most 
accessible,  and  because  it  can  be  ascertained  with 
most  precision.  The  quadrant  of  the  meridiail 
then  was  to  be  taken  as  the  real  unit ;  and  the  teui* 
millionth  part  of  it,  being  thought  of  a  convenient 
length,  was  to  be  taken,  in  practice,  for  the  uuit  of 
linear  extension.  At  the  same  time,  the  ordinary 
division  of  the  circle  into  360°  was  to  be  abandont 
ed,  and  the  decimal  division  introduced;  the 
fourth  part  of  the  circumference  being  divided,  not 
into  90,  but  into  100  equal  parts ;  these  parts  into 
ten,  and  so  on.  With  regard  to  theatwve  detenninar 
tion,  we  must  be  permitted  to  remaik,  that  ih$ 
reasons  for  r^ecting  the  pendulum  are  by  no  means 
completely  satisfactory.  The  consideration,  that 
time  is  a  heterogeneous  element,  is  too  absti-act  and 
metaphysical  to  influence  one's  choice  in  a  matter 


.    1UE8UBS  b'un  arc  du  mebidibv*        QS5 

that  is  merely  practical.  The  arbitraiy  elemeilt 
iiUiroduced  by  the  division  of  the  day  into  secondni 
i»  perhaps  an  oi^jection  of  more  weight,  were  it  not 
balanced  by  an  equal  o^ection  in  the  case  of 
the  standard  which  haj»  been  actually  adopted^ 
That  standardi  in  eflfect,  is  not  the  quadrant  of  th0 
meridian,  but  the  ten-millionth  part  of  that  qui^ 
rant;  and  ten  million  is  without  doubt  a  number 
just  as  arbitrary,  and  as  far  from  being  isuggested 
by  any  natural  appearance,  as  86,400,  the  number 
of  seconds  into  which  the  day  is  divided.  It  is  imr 
possible,  indeed,  whatever  standard  be  adopted^  to 
proceed  without  the  use  of  some  arlutrary  division 
that  must  be  determined  by  our  conveniency,  an4 
not  at  all  by  the  nature  of  the  thing  itself.  Whe- 
ther we  take  the  quadrant  of  the  meridian,  or  the 
radius  of  the  globe,  as  Cassini  long  ago  propQ3ed» 
for  the  unit  with  which  all  measures  are  to  be  con(lr 
par^d,  the  portion  of  that  standard  which  we  can 
convert  into  a  rod  of  brass  or  platina,  to  be  pres^r 
ed  in  our  museums,  or  to  be  employed  in  actunl 
mensuration,  must  be  a  matter  of  aarbitrary  deter- 
mination. The  real  unit  or  standard  that  is  used 
in  practice,  must  always  involve  in  it  a  similar 
assumption ;  and  its  doing  so  can  neyer  afford 
a  good  reason  for  rejecting  one  standard,  and  pre- 
ferring another. 

It  may  be  further  alleged  against  the  choice 
«f  the  Frendi  G>mmi88ioner8y  that  there  is  in 
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the  unit  which  they  have  fixed  on,  something  that 
is  even  worse  than  an  arbitrary  element,  one  which 
is  hypothetical,  and  accompanied  with  some  degree 
of  uncertainty.  The  quadrant  of  the  meridian 
itself  is  not  the  immediate  object  of  mensuration,  at 
least  in  its  whole  length.  That  length  is  conclud- 
ed from  the  mensuration  of  a  part,  on  the  supposi- 
tion that  the  meridian  is  an  ellipsis,  and  that  the 
ratio  of  its  axes  to  one  another  is  known.  It  is 
supposed,  too,  that  the  meridians  are  similar  and 
equal  curves}  so  that,  in  whatever  place  of  the 
world  an  arch  of  the  meridian  is  measured,  the 
quadrant  deduced  from  it  will  be  of  the  same  mag- 
nitude. It  is  well  known  that  these  suppositions 
are  not  rigorously  true,  and,  what  is  most  material 
of  all,  that  a  very  large  arch,  or  several  different 
arches  of  the  meridian,  must  be  measured,  before 
the  length  of  the  whole  can  be  determined  with 
tolerable  exactness.  In  all  these  respects,  the  pen- 
dulum, in  the  latitude  of  45^,  seems  to  us  to  have 
the  decided  preference  above  all  others.  The  de- 
termination of  it  involves  no  theory,  at  least  none 
about  the  conclusions  of  which  the  slightest  doubt 
is  entertained  :  it  is  at  all  times  easily  examined ; 
and  nature  constantly  holds  out  the  prototype  with 
which  our  standard  may  be  compared,  and  from 
which,  if  lost,  the  knowledge  of  it  may  easily  be  re- 
covered. 

For  these  reasons,  notwithstanding  our  profound 
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respect  for  the  genius  and  talents  of  the  five  acade- 
micians above  named,  we  acknowledge  that  we  are 
unable  to  acquiesce  in  the  arguments  by  which  they 
appear  to  have  been  determined. 

But  however  this  be,  it  cannot  be  questioned, 
that  after  the  French  academicians  had  laid  down 
their  plan,  their  method  of  carrying  it  into  execu- 
tion was  most  expeditious  and  accurate.  They  did 
not  wait  for  the  determination  of  the  English 
government ;  and  we  are  not  informed  what  steps 
were  taken  in  consequence  of  the  decree  of  the 
Convention  which  has  already  been  mentioned. 
Indeed,  though  none  of  those  events  had  taken 
place  which  have  since  alienated  the  two  nations  so 
entirely  from  one  another,  the  slow  proceedings  of 
an  old  government  like  ours,  could  never  have  kept 
pace  with  the  ardour  of  reform  by  which  at  that 
moment  the  whole  of  the  French  nation  seemed  to 
be  animated.  The  first  step  of  the  Commissioners 
was  to  set  about  the  measurement  of  the  largest 
arch  of  the  meridian,  which  the  extent  of  the  do- 
minions of  France,  or  of  its  allies,  rendered  acces- 
sible to  them.  This  arch,  extending  from  Dun- 
kirk to  Barcelona,  contains  something  more  than 
nine  degrees  and  a  half,  six  of  them  to  the  north, 
and  three  and  a  half  to  the  south,  of  the  mean 
parallel  of  45^ 

The  greater  part  of  this  arch  had  been  already 
measured  more  than  once,  and  the  length  of  it  was 
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BOW  to  be  determmed  for  the  third  tiin^«  Fiend 
had  meaiured  the  degree  betwten  Paria  aad  Afldieos 
in  the  year  I670 }  and  this  arch  was  continued  to 
Dunkirk  on  the  norths  and  ColUoure  <m  the  8oath» 
by  Cassini  and  Lahire  in  the  banning  of  the  last 
century,  and  in  the  end  of  that  which  preceded  it. 
Doubts  having  arisen  concerning  the  accuracy  of 
this  measurement,.  Cassini  de  Thury,  and  Lac«iile» 
were  charged  with  the  verification  of  it  in  lyiSQ* 
The  measurement  of  these  mathematicians,  con- 
ducted with  great  skill  and  attention,  was  as  cor- 
rect as  the  construction  of  mathematical  instru- 
ments, at  the  time  when  it  was  made,  would  per- 
mit; and  from  it,  no  doubt,  the  length  of  the 
quadrant  of  the  meridian  might  have  been  comput- 
ed. The  improvements,  however,  that  had  been 
made  in  the  construction  of  instruments,  gave  rea- 
son to  hope  that  a  degree  of  accuracy  considerably 
greater  might  now  be  attained. 

Six  different  commissions  for  carrying  all  the 
parts  of  the  plan  into  execution,  that  is,  for  ascer- 
taining the  unit  of  weight,  the  length  of  the  pendu- 
lum, &c.  &c.  were  appointed ;  and  the  principal 
part,  to  wit,  the  measurement  of  the  arch  just  men- 
tioned, was  committed  to  Mechain  and  Delambre, 
who  begtn  their  operations  in  summer  1792.  The 
instruments  which  these  mathematicians  were  to 
employ,  both  in  their  astronomical  and  geodetical 
operations,  were  the  repeating  cirdes  of  Borda, 
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which  had  b^en  so  successfully  used  by  the  French 
uMitmomers  in  their  operations  for  connecting  the 
et)sertatories  of  Greenwich  and  Paris  in  1787« 
Four  new  instruments  of  that  kind,  and  of  some<» 
what  larger  dimensions,  were  executed  by  Lenoir, 
a  very  skilful  artist,  and  put  into  the  hands  of 
Mechain  and  Delambre ;  the  former  of  whom  was 
4k>  measure  the  part  of  the  dirch  between  Barceloiia 
and  Rhodez,  about  170,000  toises  in  length,  while 
the  latter  measured  the  remaining  arch  of  380,000 
toises,  between  Rhodez  and  Dunkirk. 

The  reason  of  this  unequal  partition  of  the  labour 
Was,  that  the  southern  or  Spanish  part  of  the  line 
wad  entirely  new,  and  therefore  seemed  likely  to 
present  more  difficulty  than  the  northern  part, 
which  had  been  already  measured  twice,  and  where 
the  time  taken  up  in  selecting  stations,  and  laying 
the  general  plan  of  the  survey,  was  likely  to  be 
spared*  It  was  soon  found,. however,  that  the  dif* 
Acuities  which  obstructed  the  work  in  the  north, 
arising  from  very  differ^t  causes  from  any  which 
had  been  hitherto  experienced,  were  much  greater 
than  in  the  south  ;  and  that,  in  those  moments  of 
popular  ferment  and  agitation,  the  neighbourhood 
of  the  metropolis  was  the  place  where  vexation, 
and  even  danger,  were  most  likely  to  be  encounter- 
ed*~-The  woric,  indeed  was  undertaken  at  a  time 
singularly  unpropitious  to  the  tranquil  pursuits  of 
science.    The  people,  in  the  heat  of  the  revolu- 


240        REVIEW  OF  MlSCHAI^f  £T  BBLAMBRE, 

tionary  proceedings,  jealous  of  whatever  they  did 
not  understand,  saw,  in  the  astronomers  and  their 
apparatus,  nothing  but  causes  of  alarm.     When 
they  observed  men  professing  to  be  employed  in  a 
service  which  they  could  not  comprehend,  and  ac- 
companied with  instruments  of  so  mysterious  a 
form,  they  thought  the  whole  was  a  pretence  under 
which  the  enemies  of  the  people  concealed  their 
machinations.     Delambre  was  more  than  once  ob- 
liged to  stop  in  the  towns  and  villages,  and  to  read 
a  lecture  to  the  incredulous  multitude  on  the  na- 
ture of  his  astronomical  apparatus,  and  the  purposes 
to  which  it  was  to  be  applied.     The  magistrates  af- 
forded him  all  the  protection  in  their  power ;  but 
at  that  moment  their  power  was  of  slow  and  preca- 
rious operation.     The  coolness  and  intrepidity  of 
the  French  astronomer,  added  to  unexampled  pa- 
tience, were  the  principal  means  of  extricating  him 
from  his  difficulties  :  but  his  danger  was  often  im- 
minent ;  and  he  appears  sometimes  to  have  heard 
the  dreadful  words,  which,  as  an  eloquent  author 
has  expressed  it,  ^*  were  the  last  sounds  that  vibrat- 
ed in  the  ear  of  many  an  unhappy  victim." 

Mechain  was  more  fortunate.  He  was  once 
stopped  in  the  vicinity  of  Paris  ;  but  having  got  to 
a  distance  from  the  capital,  he  met  with  no  further 
disturbance.  Both  astronomers  suffered  much  in- 
convenience in  the  prosecution  of  their  work,  from 
the  depreciation  of  the  assignats,  in  consequence  of 
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which  they  were  often  reduced  to  great  necessity, 
and  were  deserted  by  most  of  their  assistants.  De- 
lambre  also  met  with  persecutions  from  the  tribunal, 
at  that  time  so  formidable  to  worth  and  innocence, 
wherever  they  wei-e  found.  The  following  is  an 
extract  from  the  register  of  the  Committee  of  Pub- 
lic Safety  ;  and  in  the  censure  which  it  pronounces 
on  Delambre  and  his  associates,  posterity  will  never 
fail  to  recognise  the  most  honourable  testimony  in 
their  favour. 

"  The  Committee  of  Public  Safety,  considering 
how  much  it  imports  to  the  amelioration  of  the 
public  mind,  that  those  who  are  charged  with  the 
government  do  not  delegate  any  function,  or  give 
any  commission,  but  to  men  worthy  of  confidence, 
from  their  republican  virtues,  and  their  hatred  of 
Kangs,  after  having  consulted  with  the  members  of 
the  Committee  of  Public  Instruction,  particularly 
occupied  about  the  operation  of  weights  and  mea* 
sures,  decrees,  that  Borda,  Lavoisier,  Laplace,  Cou* 
lomb,  Brisson,  and  Delambre,  shall  cease  from  this 
day  to  be  members  of  the  Commission  of  Weights 
and  Measures,  and  shall  immediately  lodge,  in  the 
hands  of  the  remaining  members  of  the  said  Com- 
mission, their  instruments,  calculations,  notes,  &c. 
ti^ther  with  an  inventory." 

To  this  extract  are  annexed  the  names  of  Bar- 
rere,  Robespierre,  Billaud-Varrennes,  Couthon, 
Collot-d'Herbois,  &c.     To  have  fallen  under  the 
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displeasure  of  such  men,  will  be  dlowed  matter  of 
no  ordinary  praise,  when  it  is  considered  how 
deadly  their  hatred  was.  We  are  glad  to  thinly, 
that  at  least  four  of  those  who  merited  this  praise, 
have  lived  to  see  the  time  when  its  true  value  could 
be  safely  acknowledged.  The  preceding  decree  is 
dated  in  the  third  year  of  the  republic ;  and,  hap- 
pily for  France,  the  power  of  the  Committee  of 
Public  Safety  did  not  extend  &r  beyond  that  period. 
The  operations  concerning  the  measurement,  though 
discontinued  for  some  time,  were  afterwards  resum- 
ed and  completed,  and  the  one  end  of  the  arch  con- 
nected with  the  other  by  a  series  of  triangles. 

Two  bases  were  also  measured,  one  at  Melun  by 
Delambre,  of  607^-9  toises,  another  at  Perpignan, 
by  Mechain,  of  6006.248  toises.  It  appears  from 
Delambre's  account,  that  when  the  second  of  these 
bases  was  inferred  from  the  first,  it  was  found  only 
about  ten  or  eleven  inches  shorter  than  it  turned 
out  to  be  by  actual  measurement.  When  it  is  con« 
sidered  that  the  distance  between  them  is  about 
360330  toises,  or  something  more  than  436  Eng- 
lish miles,  it  will  be  admitted  that  this  coincidence 
is  a  proof  of  extreme  accuracy.  At  the  same  time 
we  should  have  expected,  that  in  the  extent  of  so 
long  a  line,  one  or  two  more  bases  should  have  been 
measured.  Colonel  Mudge,  in  the  conduct  of  his 
survey,  though  the  angles  of  the  triangles  are  Utken 
with  an  exactness  that  cannot  be  exceeded,  seems  to 
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thinky  that  the  mensuration  of  a  base  for  every  hun- 
dred miles,  if  not  absolutely  necessary,  is  at  least 
extremely  desirable. 

The  observations,  when  finished,  were  laid  be- 
fore  a  Commission  formed  of  members  of  the  Na- 
tional Institute,  and  a  great  number  of  learned  and 
scientific  men,  from  Germany,  Denmark,  Holland, 
Italy,  &c.  who  had  accepted  the  invitation  given 
them  to  assist  in  the  solution  of  this  great  problem. 
The  manner  of  proceeding  before  this  commission 
was  such,  as  to  give  the  utmost  degree  of  authenti- 
city and  correctness  to  all  the  parts  of  the  work. 
The  three  angles  of  every  triangle  were  separately 
examined  j  and  after  comparing  the  di^erent  obf- 
servations  of  each  angle,  with  all  the  circumstances 
entered  into  the  original  note-books  and  registers, 
and  attending  to  all  the  explanations  furnished  by 
the  two  observers  themselves,  the  commissioners 
drew  up  the  table  of  triangles,  such  as  it  is  given  at 
the  end  of  this  volume,  and  such  as  was  to  be  used 
in  all  the  subsequent  calculations.  These  calcula- 
tions were  all  separately  carried  on  by  four  differ- 
ent persons,  Tralles,  Van  Swinden,  Legendre,  and 
Delambre  himself.  Each  gave  in  his  own  calcula- 
tions }  and  their  differences,  if  there  were  any,  be- 
ing again  examined,  the  result  was  finally  agreed 
on.  The  observations  for  the  azimuth  were  sub-  - 
jected  to  the  like  examination  i  and,  from  all  these 
combined,  the  length  of  the  arch  of  the  meridian 
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was  inferred.  The  observation  for  the  latitude 
made  at  Dunkirk,  Paris,  Evaux,  Carcassonne  and 
Montjouy,  were  also  produced ;  so  that  the  celestial 
arch  became  known.  The  comparison  of  the  two 
gave,  for  the  compression  of  the  earth  ~|-^ ;  for  the 
quadrant  of  the  meridian  5130740  toises ;  and, 
consequently,  for  the  metre  443.^95986  lines. 

During  this  interval,  Mechain  and  Delambre 
had  each  fixed  the  latitude  of  his  observatory  by  no 
less  than  1800  observations,  in  order  to  determine 
from  thence  the  latitude  of  the  Pantheon,  which 
was  a  little  to  the  westward  of  the  meridian,  and 
the  vertex  of  four  of  the  triangles.  These  obser- 
vations agreed  with  one  another  to  the  sixth  part  of 
a  second. 

The  special  commission  for  determining  the 
length  of  the  metre  consisted,  at  this  time,  of  Van 
Swinden,  Tralles,  I^place,  Legendre,  Siscar,  Me- 
chain, and  Delambre.  Their  report,  drawn  up  by 
Van  Swinden,  is  dated  the  sixth  of  Floreal,  in  the 
year  vii,  that  is  1799.  The  present  work,  though 
begun  in  the  year  following,  did  not  make  its 
appearance  till  six  years  afterwards,  having  been 
interrupted  or  delayed  by  various  circumstances, 
and  particularly  by  Mechain's  journey  into  Spain, 
for  the  purpose  of  continuing  the  meridian  through 
the  Balearic  isles.  After  suffering  many  hardships 
and  disappointments,  this  excellent  astronomer  had 
nearly  brought  the  work  to  a  conclusion,  when  an 
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epidemical  fever,  added  to  the  fatigue  he  had  en- 
dured, carried  him  off  at  Castellan  de  la  Plana  in 
Valencia,  in  the  year  1805.  * 

Such  is  the  historical  notice  prefixed  to  this  work ; 
and  the  remainder  of  the  preliminary  discourse  is 
chiefly  taken  up  in  explaining  the  formulas  and 
tables  employed  in  the  reduction  and  correction  of 
the  observations.  These  formulas  deserve  to  be 
studied  with  attention  by  all  concerned  in  similar 
operations,  to  whom  also  we  would  take  the  liberty 
of  recommending  a  smaller  tract  by  Delambre,  en- 
titled, Methodes  Analytiques  pour  la  determination 
d'un  Arc  du  Meridien,  where  the  principles  of 
these  reductions  are  explained  in  a  manner  that 
renders  it  one  of  the  most  useful  books  on  the 

J 

*  This  part  of  the  work,  we  are  enabled  to  state>  though 
not  on  the  authority  of  the  volume  before  us,  has  not  been 
abandoned.  During  the  late  negotiation  at  Paris,  a  passport 
was  granted  by  the  British  government,  at  the  request  of  the 
French  minister,  to^M.  Biot,  charged  with  the  operation  of 
extending  the  meridian  of  Paris  to  the  Balearic  isles.  The 
whole  arch,  if  it  be  continued  to  Majorca,  will  then  amount 
to  about  twelve  degrees,  bisected  nearly  by  the  parallel  of 
45.  This  is  by  much  the  longest  arch  yet  measured  on  the 
surface  of  the  earth :  it  is  situated  most  favourably  for  the 
exact  determination  of  the  quadrantal  arch  ;  and  as  part  of 
it  is  across  the  sea,  it  may  bring  into  view  some  important 
facts  concerning  the  effect  of  difference  of  density  in  disturb- 
ing the  direction  of  the  plumb-line. 
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higher  parts  of  practical  geometry  which  has  yet 
appeared. 

We  have  already  remarked,  that  the  repeatii^ 
circle  of  Borda  was  the  instrument  with  which  all 
the  angles  were  observed  in  the  course  of  this  work. 
That  instrument,  though  of  no  greater  radius  than 
seven  inches,  by  the  facility  which  it  affords  of  mea- 
suring any  proposed  multiple  of  the  angle  observed^ 
is  capable  of  giving  a  mean  result  of  much  greater 
exactness  than  could  be  expected  from  its  dimen- 
sions. To  give  an  idea  of  the  manner  in  which 
these  results  were  obtained,  we  may  take  for  an  ex- 
ample, the  angle  between  Watten  and  Cassel,  ob- 
served at  Dunkirk.  The  quadruple  of  that  angle 
was  found  to  be  187*  147  gr.,  from  which  the  angle 
itself  was  deduced,  46.78655  gr.  The  divisions, 
here,  we  must  remark,  are  decimal,  the  quadrant 
being  divided  into  100,  which  are  called  grades. 
The  same  angle,  multiplied  ten  times,  was  found 
=  467*868  gr.,  from  which  the  angle  itself  appear- 
ed =46.7868  gr.  The  multiplication  was  then 
canned  to  twelve,  fourteen,  &c.  as  far  as  twenty 
times  the  angle,  which  last  was  9S5.7S1  gr.,  and 
the  angle  itself  therefore  =  46.78655  gr.  It  is 
very  remarkable  how  near  all  these  determinations 
come  to  one  another ;  and  the  same  is  true  of  seve- 
ral more  given  by  Delambre,  but  omitted  here. 
From  the  mean  of  all  these  results,  the  time  value 


ME8URE  d'uN  ARC  DU  MERIDIEN.  S47 

of  the  angle  is  finally  determined.  It  is  the  pecu- 
liar advantage  of  the  instrument,  that  it  allows  these 
repetitions,  or  multiplications,  of  an  angle,  to  be 
made  easily,  and  in  a  very  short  space  of  time.  In 
the  circle  which  Delambre  used,  he  tells  us  that  he 
could  only  read  off  from  the  vernier  directly,  as  far 
as  hundredths  of  a  decimal  degree,  the  third  deci- 
mal being  set  down  by  estimation.  The  instru- 
ment, therefore,  did  not  go  to  less  than  39!'  of  the 
common  division,  which  is  no  very  great  degree  of 
exactness,  and  is  much  exceeded  by  many  of  the 
sextants  made  in  London  for  the  ordinai7  purposes 
of  navigation.  Notwithstanding  this,  in  conse- 
quence of  the  repeated  multiplications  of  the  angle, 
we  find  a  series  of  results  obtained,  that  do  not  dif- 
fer by  more  than  a  second  from  one  another. 

The  repeating  circle  has,  however,  some  disad- 
vantages, at  least  when  compared  with  certain  other 
instruments,  to  which  it  may  be  proper  to  advert, 
like  our  ordinary  sextants,  when  an  observation  is 
made  with  it,  it  is  placed,  not  horizontally,  but  in 
the  plane  of  the  three  objects  of  which  the  bearings 
are  to  be  ascertained  ;  and,  therefore,  the  altitude 
of  each  of  these  objects,  or  its  zenith  distance,  must 
be  observed,  in  order  that  the  angle  may  be  reduc- 
ed to  the  plane  of  the  horizon.  The  determina* 
tion  of  every  horizontal  angle,  therefoi*e,  requires 
that  of  three  different  angles ;  which,  no  doubt, 
must  be  accounted  an  imperfection  in  this  method 
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of  surveymg,  compared  with  that  which  places  the 
instnunent  immediately  in  the  plane  of  the  horizon, 
and  80  gives  the  result  directly,  and  without  any  re- 
duction whatsoever. 

Besides  a  reduction  to  the  plane  of  the  horison, 
another  reduction  is  necessary  to  bring  the  observ- 
ed angles  to  the  true  angles,  at  the  centres  of  the 
signals.  For  this  reduction,  as  well  as  for  the  pre- 
ceding, Delambre  has  given  rules  and  formuIsB,  by 
which  they  may  be  calculated  with  great  accuracy, 
and  with  all  the  expedition  that  the  nature  of  the 
thing  will  admit. — It  were,  nevertheless,  very  de- 
sirable, that  these  reductions,  as  well  as  the  former, 
should  be  avoided,  by  placing  the  instrument  with 
which  the  angles  are  taken,  exactly  at  the  angular 
point. — This  method  has  been  generally  followed 
in  the  trigonometrical  survey  of  England,  where  no 
pains  have  been  spared  to  place  the  theodolite  in 
the  same  spot  that  was  occupied  by  the  centre  of 
the  signal :  and  from  thence  results  great  addi- 
tional accuracy,  as  well  as  additional  simplicity,  in 
conducting  the  calculations.  It  is  the  same  with 
respect  to  the  reduction  to  the  horizontal  plane. 
The  great  theodolite,  first  employed  by  General 
Roy,  and  now  in  the  hands  of  Colonel  Mudge,  is 
always  placed  horizontally  ;  and  hence  a  great  deal 
of  labour  in  calculation  is  saved,  and  many  sources 
of  inaccuracy  are  entirely  avoided.  In  no  other 
survey,  we  believe,  has  the  work  in  the  field  been 
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conducted  so  much  with  a  view  to  save  that  in  the 
closet,  and  at  the  same  time  to  avoid  all  those 
causes  of  error,  however  minute,  that  are  not  essen- 
tially involved  in  the  nature  of  the  problem.  The 
French  mathematicians  trust  to  the  correction  of 
those  errors ;  the  English  endeavour  to  cut  them 
off  entirely ;  and  it  can  hardly  be  doubted  that  the 
latter,  though  perhaps  the  slowest  and  most  expen- 
sive, is  by  far  the  safest  proceeding. 

The  principal  defect  of  the  reflecting  circle,  we 
believe  to  consist  in  the  small  power  of  the  telescope 
which  it  bears ;  an  imperfection  inseparable  from 
an  instrument  of  such  a  size  as  can  be  held  in  the 
hand.  The  accuracy  of  the  observations  is  neces- 
sarily limited,  by  the  imperfections  of  the  telescope, 
to  whatever  degree  of  minuteness  the  divisions  on 
the  limb  of  the  instrument  may  be  carried.  If  an 
object  that  subtends  an  angle  of  3  or  4  seconds  it 
the  least  that  is  distinctly  visible  through  the  tele- 
scope, an  angle  can  never  be  measured  nearer  than 
3  or  4  seconds,  even  if  you  can  read  off  to  a  single 
second.  The  want  of  sufficient  light,  also,  in  the 
field  of  vision,  seems  to  have  occasioned  considerable 
difficulty,  and  may  have  produced  some  inaccuracy 
in  the  observations.  The  signals,  when  the  dis- 
tance was  considerable,  were  not  always  distinctly 
seen  ;  and  the  construction  of  them  became,  on 
that  account,  an  ol^ect  of  very  great  attention. 
Delambre  made  his  signals  in  the  form  of  a  pyra- 
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wldf  truncated  at  the  top,  of  the  height  of  nearly 
iFdoo  ^^  ^b®  distance ;  so  that  they  subtended  an 
an^e  of  about  S(y\  They  were  built  of  wood,  and 
the  base  was  a  third  part  of  the  height.  The  pow- 
erful telescopes  used  by  General  Roy  and  Colonel 
Mudge  in  the  trigonometrical  survey  of  England, 
relieved  them  from  all  difficulties  of  this  kind  ;  as  a 
simple  mast,  or  staff,  as  it  is  called,  with  the  ordi- 
nary illumination  of  a  clear  day,  can  be  seen  dis- 
tinctly through  the  telescope  of  the  great  theodolite 
at  the  distance  of  15  or  1 6  miles.  The  advantage 
of  these  large  glasses  was  experienced  by  the 
French  Academicians,  when  they  met  with  the 
committee  of  the  Royal  Society  of  London,  in  or- 
der to  unite  the  surveys  made  in  France  and  in 
England,  for  thQ  purpose  of  ascertaining  the  re* 
lative  position  of  the  observatories  of  Greenwich 
and  Paris,  as  we  had  occasion  to  remark  in  our  re- 
view of  the  trigonometrical  survey. 

It  probably  arose  from  the  same  cause,  in  some 
measure,  that  the  signals  made  by  lamps  in  the 
night  were  not  found  to  answer  with  the  French 
astronomers.  The  difficulty  of  illuminating  the 
hairs  in  the  focus  of  the  telescope,  is  the  impedi- 
ment chiefly  complained  of.  Such  signals,  how- 
ever, were  sometimes  employed ;  and  Delambre 
mentions  a  curious  phenomenon  which  he  observed, 
more  than  once,  to  accompany  them.     This  was  a 

kind  of  undulation,  which  made  the  apparent  place 
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of  the  light  oscillate  very  sensibly  about  the  truoi  as 
was  particularly  remarked  at  Mont-Martre,  on  the 
15th  of  August  1792.  Something  similar  to  this, 
he  aays,  he  had  met  with  in  the  case  of  the  ordi« 
nary  signals  viewed  during  the  day. 

**  These  oscillations,"  says  he,  **  I  have  some^ 
times  thought  would  remain  suspended  for  a  few 
minutes,  when  the  apparent  object  was  at  its  great- 
est distance  from  the  real.  I  will  not,  however^ 
answer  for  this  fact,  which  I  have  not  been  able  to 
investigate  sufficiently.  I  have  also  been  disposed 
to  think  that  there  existed  a  lateral  refraction. 
The  only  way  to  guard  against  the  effects  of  such 
illusions,  is  to  wait  the  arrival  of  fine  weather,  and 
to  repeat  the  observations  in  circumstances  as  unlike 
as  possible.'' 

The  confidence  which  the  French  astronomers 
place  in  the  repeating  circle,  is  such,  that  they  have 
not,  in  the  course  of  this  work,  had  recourse  to  a 
zenith  sector,  or  any  of  the  more  delicate  instru- 
ments of  astronomy,  for  the  purpose  of  determining 
the  differences  of  latitude,  or  the  amplitudes  of  the 
celestial  arches,  corresponding  to  the  lines  measured 
on  the  surface  of  the  earth.  This,  we  confess,  ap- 
pears to  us  not  a  little  extraordinary,  though  we 
must,  at  the  same  time,  remark,  that  this  reliance 
on  the  repeating  circle  is  confirmed  by  the  opinion 
of  the  Swedish  astronomers,  who  have  lately  mea- 
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fared  the  degree  in  Lapland  anew.  They  used  no 
other  instrument  but  the  repeating  circle  ;  and  La« 
lande  says,  in  his  sketch  of  the  history  of  astrono- 
my for  1805,  that  they  thought  that  instrument 
less  liable  to  error  than  a  zenith  sector  of  nine  feet 
radius,  such  as  was  used  by  Maupertuis  and  his 
colleagues. 

On  the  whole,  when  we  compare  the  methods 
and  instruments  used  in  the  French  and  in  the 
British  survey,  though  we  see  many  circumstances 
that  would  induce  us  to  give  a  preference  to  the 
latter ;  yet,  when  we  consider  the  results  of  each, 
they  seem,  in  exactness  and  consistency,  to  ap- 
proach very  near  to  an  equality.  We  are  not  sure 
to  what  this  should  be  ascribed  ;  nor  can  we  form 
a  decided  opinion  till  the  reductions  of  the  dis- 
tances to  the  meridian  are  given.  It  may  be,  that 
the  great  expedition  with  which  the  repeating  cir- 
cle is  used,  and  the  vast  number  of  observations 
which  it  admits  of  being  made  in  a  short  space  of 
time,  may  balance  the  greater  size  and  more  exqui- 
site division  of  the  theodolite  and  the  sector  em- 
ployed by  our  observers;  instruments  which,  in 
themselves,  are  perhaps  the  most  perfect  that  have 
ever  been  constructed.  Indeed,  the  expedition 
with  which  the  repeating  circle  can  be  used,  is  one 
of  its  greatest  advantages.  It  is  such,  that,  in  the 
space  of  five  years,  two  observers,  with  very  few  as» 

10 
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sistants,  *  and  in  the  midst  of  innumerable  interrupt 
tions  and  vexations,  completed  a  survey  of  181  tri- 
angles, extending  along  a  line  more  than  600  miles 
in  length,  and  this,  together  with  the  measurement 
of  two  bases,  and  a  vast  number  of  observations  for 
determining  azimuths,  and  the  latitudes  of  five  dif^ 
ferent  stations. 

The  volume  before  us  is  &r  from  completing  the 
account  of  these  operations,  or  at  least  of  the  com 
elusions  deduced  from  them.  The  part  we  have 
already  considered,  which  forms  the  preliminary 
discourse,  is  followed  by  510  pages,  in  which  a  de- 
tailed account  is  given  of  the  observations  made  at 
each  station,  and  of  all  the  circumstances  by  which 
their  accuracy  can  be  affected.  The  triangles  in* 
eluded  in  these  observations  consist  of  115  princi- 
pal, and  66  subsidiary  triangles.  At  the  end  of 
the  detailed  account  just  mentioned,  these  triangles 
are  reduced  into  a  table,  that  exhibits,  at  one  view, 
every  thing  concerning  their  angles,  and  the  neces- 
sary reductions.     The  first  column  of  this  table 


*  Delambre  was  assisted  by  BeUet,  an  astronomical  instnt* 
ment  maker  of  great  zeal  and  intelligence^  who  adhered  to 
him  in  all  his  difRculties,  and  remained^  when  the  smallness 
of  the  allowance  from  government  deprived  him  of  all  his 
other  assistants.  Francis  Lalande  also  shared  with  him  iii 
the  labour  of  the  survey  for  a  considerable  time.  In  the 
southern  survey^  Mechain  was  assisted  by  M.  Tranchot^  an 
engineer  of  great  ability  and  experience. 
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contains  the  angles  of  every  triangle  as  observed 
and  reduced  to  the  horizon ;  the  numbers  here 
given  being  the  means  that  were  struck  by  the 
commissioners  in  the  manner  already  described. 
The  second  column  contains  the  spherical  excess 
for  each  angle,  by  comparing  which  with  the  sum 
of  the  three  angles  of  the  triangle,  we  have  a  mea- 
sure of  the  error  committ^  in  the  measurement 
of  the  three  angles,  which  rarely  amounts  to  V^  or 
lY^.  In  the  third  column  are  given  the  true  sphe- 
rical angles  corrected  for  the  error  of  observation, 
according  to  a  principle  previously  explained.  In 
the  fourth  column,  these  are  reduced  to  the  recti- 
lineal angles  contained  by  the  chords  of  the  arches, 
or  pf  the  sides  of  the  spherical  triangles.  The  last 
column  of  all  contains  the  mean  angles,  as  they  are 
here  called,  that  is,  the  observed  angles  first  correct- 
ed for  the  error  of  observation,  and  afterwards  di- 
minished each  by  one  third  of  the  spherical  excess, 
so  that  those  of  each  triangle  amount  precisely  to 
180  degrees,  and  are  thus  prepared  for  computation, 
according  to  the  theorem  of  Legendre  that  was 
mentioned  in  our  account  of  the  trigonometrical 
survey  of  £ngland.  Delambre  has  gone  through 
the  great  labour  of  calculating  the  sides  of  these 
triangles,  and  also  their  reduction  to  the  meridian, 
by  the  three  different  methods  that  correspond  to 
the  nature  of  the  three  last  columns.  These  re- 
sults, however,  are  not  given  in  the  volume  before 
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U8«  They  are  reaerved  for  that  which  is  to  follow  ; 
and  we  have  no  doubt,  when  they  shall  appear,  will 
give  us  new  reasons  to  applaud  the  skill,  the  accu- 
racy, and  the  patience  of  Delambre  and  his  asso- 
ciates. 

Though  the  formation  of  the  above  table,  and 
the  arrangement  of  the  whole  volume,  are  the  work 
of  Delambre,  yet  a  large  part  of  it,  containing  the 
observations  of  Mechain,  is  given  in  the  words  of 
that  astronomer. 

The  present  volume  does  not  enable  us  to  state 
any  thing  with  respect  to  the  length  of  the  s^- 
ments  into  which  the  arch  of  the  meridian  was  di- 
vided. Some  of  these  results,  however,  we  have 
learnt  from  the  memoira  that  have  been  published 
on  the  same  subject  in  the  volumes  of  the  National 
Institute.  They  appear  to  be  cmiousj  and  we 
take  notice  of  them  here,  as  indicating  irregularities 
very  similar  to  those  that  Colonel  Mudge  met  with 
in  the  meridional  arch  which  he  measured  between 
the  Isle  of  Wight  and  Clifton  in  Yorkshire. 

In  the  course  of  their  survey,  the  French  astro- 
'  nomers  determined  the  latitudes  of  five  different 
points  of  the  meridional  arch  with  great  exactness, 
viz.  Dunkirk,  5V  9!  i(/' ;  Paris,  at  the  Pantheon, 
48°  5(/  49f';  Steeple  of  Evaux,  46°  1(/  42"  j 
Tower  of  St  Vincent  at  Carcassonne,  4dM2^  54"  ; 
Tower  of  Montjouy  at  Barcelona,  41°  9,V  AtSf'. 
The  amplitudes  of  the  arches  thus  found,  being 
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compared  with  the  terrestrial  measurements,  led  to 
some  results  that  were  unexpected,  and  that  are 
certainly  highly  deserving  of  attention.  It  ap- 
pears that  the  length  of  the  degree  of  the  meridian, 
though  it  decrease  constantly  on  going  from  the 
north  to  the  south,  as  it  ought  to  do,  does  in  &ct 
decrease  very  irregularly.  Toward  the  northern 
extremity  of  the  arch  the  decrease  is  slow,  and  at 
the  rate  of  not  more  than  four  toises  in  the  degrees 
that  lie  between  Dunkirk  and  Evaux.  From 
Evaux  to  Carcassonne  the  d^rees  diminish  rapid- 
ly, at  the  rate  of  30  or  3 1  toises ;  and  from  Car- 
cassonne to  Barcelona  the  diminution  becomes 
again  much  slower,  and  is  about  14  toises  to  a  de- 
gree. 

This  irregularity  in  the  differences  of  the  de- 
grees does  not  arise  from  a  cause  that  is  apparent 
on  the  surface.  It  very  much  resembles  that 
which  was  experienced  by  Colonel  Mudge  as  he 
went  northward  from  the  coast  of  the  channel, 
when  he  found  that  the  d^rees,  instead  of  in- 
creasing, came  to  diminish  about  the  middle  of 
the  arch.  In  both  cases,  we  may  suspect  the  ef- 
fect to  have  arisen,  partly  from  the  vicinity  of  the 
sea,  partly,  perhaps,  from  inequalities  of  density 
under  the  surface,  or  other  irregularities  in  the  su- 
perficial part  of  the  globe.  From  whatever  causes 
they  arise,  the  repetition  of  operations,  such  as  those 
we  are  now  treating  of,  is  what  alone  can  be  ex- 


MESURE  D'UN  arc  DU  MERIOIEN.  257 

pected  to  throw  new  light  upon  the  subject.  Ad- 
ditional experiments  on  the  attraction  of  moun* 
tains  would  probably  tend  to  the  same  object,  and 
might  lead  to  other  valuable  conclusions. 

We  cannot  finish  our  account  of  these  scientific 
operations,  without  expressing  our  wishes  that  the 
uniformity  of  measures  and  of  weights  were  intro- 
duced into  our  own,  and  into  every  other  civilized 
country.  The  difficulty  is  not  so  great  as  we  are 
apt  to  think,  when  we  consider  the  matter  at  a 
distance ;  and,  to  effect  it,  requires,  in  reality,  no- 
thing but  for  the  legislature  to  say,  it  shall  be  done. 
As  to  the  standard  to  be  adopted,  though  we  think 
the  pendulum  would  have  afforded  the  most  conve- 
nient, yet,  when  one  has  been  actually  fixed  on  and 
determined,  that  circumstance  must  greatly  out- 
weigh every  other  consideration.  The  system 
adopted  by  the  French,  if  not  absolutely  the  best» 
is  so  very  near  it,  that  the  difference  is  of  no  ac- 
count. In  one  point  it  is  very  unexceptionable ; 
it  involves  nothing  that  savours  of  the  peculiarities 
of  any  country ;  insomuch,  as  the  Commissioners 
observe,  that  if  all  the  history  which  we  have  been 
considering  were  forgotten,  and  the  results  of  the 
operations  only  preserved,  it  would  be  impossible  to 
tell  with  what  nation  this  system  had  originated. 
The  wisest  measure,  therefore,  for  the  other  nations 
of  Europe,  is  certainly  to  adopt  the  metrical  system 
of  the  French,  with  the  exception,  perhaps,  of  th^ 
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division  of  the  circle,  where  the  number  600,.  as 
mentioned  above,  might  be  conveniently  substituted 
for  400.  It  would  not  be  necessary  to  adopt  their 
names,  which  might  not  assort  very  well  with  the 
sounds  that  compose  the  languages  of  other  nations. 
But  the  metre 9  by  whatever  name  it  may  be  called, 
ought  to  be  adopted  as  the  unit  of  length,  and  all 
the  other  measures  of  linear  extension  derived  from 
it  by  decimal  multiplication  and  division.  It  is  true 
that  this  cannot  be  done,  especially  in  our  own  case, 
without  a  certain  sacrifice  of  national  vanity  ;  and 
the  times  do  not  give  much  encouragement  to  hope 
that  such  a  sacrifice  will  be  made.  The  calamities 
which  the  power  and  ambition  of  the  French  go- 
vernment have  brought  on  Europe,  induce  us  to 
look  with  jealousy  and  suspicion  on  their  most  in- 
nocent and  laudable  exertions.  We  ought  not^ 
however,  to  yield  to  such  prejudices,  where  good 
sense  and  argument  are  so  obviously  against  them. 
In  a  matter  that  concerns  the  arts  and  sciences  on- 
ly, the  maxim  may  be  safely  admitted.  Fas  est  et 
ab  hoste  doceri. 
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Astronomy  is  distinguished  by  several  great  and 
striking  characters,  which  place  it  decidedly  at  the 
head  of  the  physical  sciences.  The  objects  which 
it  treats  of  cannot  fail  to  impart  to  it  a  degree  of 
their  own  magnificence  and  splendour ;  while  their 
distance,  their  magnitude,  the  steadiness  and  regu- 
larity of  their  movements,  deeply  impress  the  ima- 
^ation,  and  afford  a  noble  exercise  to  the  under- 
standing. Add  to  this,  that^he  history  of  astro- 
nomy is  that  which  is  best  marked  out  in  the  pro- 
gress of  human  knowledge.  Through  the  darkness 
of  the  early  ages,  we  perceive  the  truths  of  this 
science  shining  as  it  were  by  their  own  light,  and 
scattering  some  rays  around  them,  that  serve  to 
discover  a  few  definite  objects  amid  the  confusion 
of  ancient  tradition,— a  few  fixed  points  amid  the 
uncertainty  of  Greek,  Egyptian,  or  even  Hindoo 

*  From  the  Edinburgh  Review,  Vol.  XI.(1808.)— £d. 
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mythology.     But  what  distinguishes  astronomy  the 
most,  is  the  perfect  explanation  which  it  gives  of 
the  celestial  phenomena.    Tliis  explanation  is  so 
complete,  that  there  is  not  any  fact  concerning  the 
motions  of  the  heavenly  bodies,  from  the  greatest 
to  the  least,  which  is  not  reducible  to  one  single 
law — the  mutual  gravitation  of  all  bodies  to  one 
another,  with  forces  that  are  directly  as  the  masses 
of  th^  bodies,  and  inversely  as  the  squares  of  their 
distances.     On  this  principle  Sir  Isaac  Newton 
long  ago  accounted  for  all  the  great  motions  in  our 
system  ;  and,  on  the  same  j^rincij^e^  bis  successors, 
afler  near  a  century  of  the  most  ingenious  and  ela- 
borate investigation,  have  explained  all  the  rest. 
The  work  before  us  brings  those  explanations  into 
one  view,  and  deduces  them  from  the  first  [Hrinci- 
pies  of  mechanics.     It  is  not  willingly  that  we  have 
suffered  so  much  time  to  elapse  without  laying  be- 
fore our  readers  an  analysis  of  a  work  the  most  im- 
portant, without  doubt,  that  has  distinguished  the 
conclusion  of  the  last  or  the  commem^ment  of  the 
present  century.     But  the  book  is  still,  in  some 
respects,  incomplete ;  and  a  historical  volume  is  yet 
wanting,  which,  had  we  been  in  possession  of  it, 
would  have  very  much  facilitated  the  task  that  we 
have  now  undertaken  to  perform*    We  know  not 
whether  this  volume  is  actually  published.     In  the 
present  state  of  Europe  it  may  be  a  bug  time  before 
it  can  find  its  way  to  this  country;  and,  in  the 
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mean  time,  our  duty  seems  to  require,  that  an  ac- 
count of  the  four  volumes,  which  we  possess,  should 
no  longer  be  withheld  from  the  public. 

Though  the  int^al  calculus,  as  it  was  left  by 
the  first  inventors  and  their  contemporaries,  was  a 
very  powerful  instrument  of  investigation,  it  requir- 
ed many  improvements  to  fit  it  for  extending  the 
philosophy  of  Newton  to  its  utmost  limits.  A 
brief  enumeration  of  the  principal  improvements 
which  it  has  actually  received  in  the  last  seventy  or 
eighty  years,  will  very  much  assist  us  in  appreciat- 
ing the  merit  of  the  work  which  is  now  before  us. 

1..  Descartes  is  celebrated  for  having  applied 
algebra  to  geometry ;  and  Euler  hardly  deserves 
less  credit  for  having  applied  the  same  science  to 
trigonometry.  Though  we  ascribe  the  invention 
of  this  calculus  to  Euler,  we  are  aware  that  the  first 
attempt  toward  it  was  made  by  a  mathematician  of 
far  inferior  note.  Christian  Mayer,  who,  in  the 
Petersburgh  Commentaries  for  I727f  published  a 
paper  on  analytical  trigonometry.  In  that  memoir, 
the  geometrical  theorems,  which  serve  as  the  basis 
of  this  new  species  of  arithmetic,  are  pointed  out ; 
but  the  extension  of  the  method,  the  introduction 
of  a  convenient  notation,  and  of  a  peculiar  algo- 
rithm, are  the  work  of  Euler.  By  means  of  these, 
the  sines  and  cosines  of  arches  are  multiplied  into 
one  another,  and  raised  to  any  power,  with  a  sim- 
plicity unknown  in  any  other  part  of  algebra,  being 
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expressed  by  the  sines  and  cosines  of  multiple 
arches  of  one  dimension  only,  or  of  no  higher  power 
than  the  first.     It  is  incredible  of  how  great  advan- 
tage this  method  has  proved  in  all  the  parts  of  the 
higher  geometry,  but  more  especially  in  the  re- 
searches of  physical  astronomy.     As  what  we  ob- 
serve in  the  heavens  is  nothing  but  angular  posi- 
tion, so  if  we  would  compare  the  result  of  our  rea- 
sonings concerning  the  action  of  the  heavenly  bo- 
dies, with  observations  made  on  the  surface  of  the 
earth,  we  must  express  those  results  in  terms  of  the 
angles  observed,  or  the  quantities  dependent  on 
them,  such  as  sines,  tangents,  &c.     It  is  evident 
that  a  calculus  which  teaches  how  this  is  to  be  ac- 
complished, must  be  of  the  greatest  value  to  the  as- 
tronomer.    Besides,  the  facility  which  this  calculus 
gives  to  all  the  reasonings  and  computations  into 
which  it  is  introduced,  from  the  elementary  pro« 
blems  of  geometry  to  the  finding  of  fluents  and  the 
summing  of  series,  makes  it  one  of  the  most  valuable 
resources  in  mathematical  science.     It  is  a  method 
continually  employed  in  the  Mecanique  Celeste. 

S.  An  improvement  in  the  integral  calculus, 
made  by  D*Alembert,  has  doubled  its  power,  and 
added  to  it  a  temtoiy  not  inferior  in  extent  to 
all  that  it  before  possessed.  This  is  the  method  of 
partial  differences^  or,  as  we  must  call  it,  of  partial 
fusions.  It  was  discovered  by  the  geometer  just 
named,  when  he  was  inquiring  into  the  nature  of 
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the  figures  successively  assumed  by  a  musical  string 
during  the  time  of  its  vibrations.     When  a  variable 
quantity  is  a  function  of  other  two  variable  quantU 
ties,  as  the  ordinates  belonging  to  the  different  ab- 
scissas in  these  curves  must  necessarily  be,  (for  they 
are  functions  both  of  the  abscissas  and  of  the  time 
counted  from  the  beginning  of  the  vibrations^)  it 
becomes  convenient  to  consider  how  that  quantity 
varies,  while  each  of  the  other  two  varies  singly,  the 
remaining  one  being  supposed  constant.     Without 
this  simplification,  it  would,  in  most  cases,  be  quite 
impossible  to  subject  such  complicated  functions  to 
any  rules  of  reasoning  whatsoever.    The  calculus  of 
partial  differences,  therefore,  is  of  great  utility  in  all 
the  more  complicated  problems  both  of  pure  and 
mixed  mathematics :  every  thing  relating  to  the  mo- 
tion of  fluids  that  is  not  purely  elementary,  falls 
within  its  range ;  and  in  all  the  more  difficult  re- 
searches of  physical  astronomy,  it  has  been  intro- 
duced with  great  advantage.     The  first  idea  of  this 
new  method,  and  the  first  application  of  it,  are  due 
to  D*  Alembert :  it  is  from  Euler,  however,  that  we 
derive  the  form  and  notation  that  have  been  gene- 
rally adopted. 

3.  Another  great  addition  made  to  the  integral 
calculus,  is  the  invention  of  Lagrange,  and  is  known 
by  the  name  of  the  Calculus  variationum.  The  or- 
dinary problems  of  determining  the  greatest  and 
least  states  of  a  given  function  of  one  or  more  va- 
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riable  quantities,  is  easily  reduced  to  the  direct  me- 
thod of  fluxions,  or  the  differential  calculus,  and 
was  indeed  one  of  the  first  classes  of  questions  to 
which  those  methods  were  applied.     But  when  the 
function  that  is  to  be  a  majntnum  or  a  minimum^  is 
not  given  in  its  form  ;  or  when  the  curve,  expres- 
sing that  function,  is  not  known  by  any  other  pro- 
perty, but  that,  in  certain  circumstances,  it  is  to  be 
the  greatest  or  least  possible,  the  solution  is  infinitely 
more  difficult,  and  science  seems  to  have  no  hold 
of  the  question  by  which  to  reduce  it  to  a  mathe- 
matical investigation.     The  problem  of  the  line  of 
swiftest  descent  is  of  this  nature  ;  and  though  from 
some  facilities  which  this  and  other  particular  in- 
stances afforded,  they  were  resolved,  by  the  inge- 
nuity of  mathematicians,  before  any  method  ge- 
nerally applicable  to  them  was  known,  yet  such  a 
method  could  not  but  be  regarded  as  a  great  desi- 
deratitm  in  mathematical  science.     The  genius  of 
Euler  had  gone  far  to  supply  it,  when  Lagrange, 
taking  a  view  entirely  different,  fell  upon  a  method 
extremely  convenient,  and,  considering  the  difficul- 
ty of  the  problem,  the  most  simple  that  could  be 
expected.    The  supposition  it  proceeds  on  is  great- 
ly more  general  than  that  of  the  fiuxionary  or  dif- 
ferential calculus.     In  this  last,  the  fluxions  or 
changes  of  the  variable  quantities  are  restricted  by 
certain  laws.     The  fluxion  of  the  ordinate,  for  ex- 
ample, has  a  relation  to  the  fluxion  of  the  abscissa 
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that  is  determined  by  the  nature  of  the  curve  to 
which  they  both  belong.  But  in  the  method  of 
variations f  the  change  of  the  ordinate  may  be  any 
whatever ;  it  may  no  longer  be  bounded  by  the 
original  curve,  but  it  may  pass  into  another,  having 
to  the  former  no  determinate  relation.  This  is 
the  calculus  of  Lagrange ;  and,  though  it  was  in- 
vented expressly  with  a  view  to  the  problems  just 
mentioned,  it  has  been  found  of  great  use  in  many 
physical  questions  with  which  those  problems  are 
not  immediately  connected. 

4.  Among  the  improvements  of  the  higher  geo- 
metry, besides  those  which,  like  the  preceding,  con- 
sisted  of  methods  entirely  new,  the  extension  of 
the  more  ordinary  methods  to  the  integration  of  a 
vast  number  of  formulas,  the  investigation  of  many 
new  theorems  concerning  quadratures,  and  con- 
cerning the  solution  of  fluxionary  equations  of  all 
orders,  had  completely  changed  the  appearance  of 
the  calculus  ;  so  that  Newton  or  Leibnitz,  had  they 
returned  to  the  world  any  time  since  the  middle  of 
the  last  century,  would  have  been  unable,  without 
great  study,  to  follow  the  discoveries  which  their 
disciples  had  made,  by  proceeding  in  the  line  which 
they  themselves  had  pointed  out.  In  this  work, 
though  a  great  number  of  ingenious  men  have  been 
concerned,  yet  more  is  due  to  Euler  than  to  any 
other  individual.  With  indefatigable  industry,  and 
the  resources  of  a  most  inventive  mind,  he  devoted 
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a  long  life  entirely  to  the  pursuits  of  science.  Be- 
sides producing  many  woil^s  on  all  the  diffarent 
branches  of  the  higher  mathematics,  he  continu- 
ed, for  more  than  fifty  years  during  his  life,  and 
for  no  less  than  twenty  after  his  death,  to  enrich 
the  memoirs  of  Berlin,  or  of  Petersbuigh,  with  pa- 
pers that  bear,  in  every  page,  the  mariLS  of  origina- 
lity and  invention.  Such,  indeed,  has  been  the 
industry  of  this  incomparable  man,  that  his  works, 
were  they  collected  into  one,  notwithstanding  that 
they  are  full  of  novelty,  and  are  written  in  the 
most  concise  language  by  which  human  thought 
can  be  expressed,  might  vie  in  magnitude  with  the 
most  trite  and  verbose  compilations. 

5.  The  additions  we  have  enumerated  were  made 
to  the  pure  mathematics ;  that  which  we  are  going 
to  mention  belongs  to  the  mixed.  It  is  the  mecha- 
nical principle,  discovered  by  D*Alembert,  which 
reduces  every  question  concerning  the  motion  of 
bodies,  to  a  case  of  equilibrium.  It  consists  in 
this— If  the  motions,  which  the  particles  of  a  mov- 
ing body,  or  a  system  of  moving  bodies,  have  at 
any  instant,  be  resolved  each  into  two,  one  of 
which  is  the  motion  which  the  particle  had  in  the 
preceding  instant,  then  the  sum  of  all  these  third 
motions  must  be  such,  that  they  are  in  equilibrium 
with  one  another.  Though  this  principle  is,  in 
fact,  nothing  else  than  the  equality  of  action  and 
reaction,  properly  explained,  and  traced  into  the 
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secret  process  which  takes  place  on  the  communica- 
tion of  motion,  it  has  operated  on  science  like  one 
entirely  new,  and  deserves  to  be  considered  as  an 
important  discovery.     The  consequence  of  it  has 
been,  that,  as  the  theory  of  equilibrium  is  perfectly 
understood,  all  problems  whatever,  concerning  the 
motion  of  bodies,  can  be  so  far  subjected  to  mathe- 
matical computation,  that  they  can  be  expressed  in 
fluxionary  or  differential  equations,  and  the  solu- 
tion of  them  reduced  to  the  integration  of  those 
equationsr     The  full  value  of  the  proposition,  how- 
ever, was  not  understood,  till  Lagrange  published 
his  Mecanique  Analytique  :  the  principle  is  there 
reduced  to  still  greater  simplicity ;  and  the  con- 
nection between  the  pure  and  the  mixed  mathema- 
tics^, in  this  quarter,  may  be  considered  as  com- 
plete. 

Furnished  with  a  part,  or  with  the  whole  of 
these  resources,  according  to  the  period  at  which 
they  arose,  the  mathematicians  who  followed  New- 
ton in  the  career  of  physical  astronomy,  were  en- 
abled to  add  much  to  his  discoveries,  and  at  last  to 
complete  the  work  which  he  so  happily  began. 
Out  of  the  number  who  embai'ked  in  this  under- 
taking, and  to  whom  science  has  many  great  obli- 
gations, five  may  be  regarded  as  the  leaders,  and 
as  distinguished  above  the  rest,  by  the  greatness  of 
their  achievements.  These  are,  Clairaut,  Eulcr, 
D'Alembert,  Lagrange,  and  Laplace  himself,  the 
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author  of  the  woiIl  now  under  consideration.  By 
their  efforts  it  was  found,  that,  at  the  close  of  the 
last  century,  there  did  not  remain  a  single  pheno- 
menon in  the  celestial  motions,  that  was  not  ex- 
plained on  the  principle  of  Gravitation  ;  nor  any 
greater  difference  between  the  conclusions  of  theo* 
ry,and  the  observations  of  astronomy,  than  the  errors 
unavoidable  in  the  latter  were  sufficient  to  account 
for.  The  time  seemed  now  to  be  come  for  reducing 
the  whole  theory  of  astronomy  into  one  work,  that 
should  embrace  the  entire  compass  of  that  science 
and  its  discoveries  for  the  last  hundred  years :  La- 
place was  the  man,  in  all  Europe,  whom  the  voice 
of  the  scientific  world  would  have  selected  for  so 
great  an  undertaking. 

Hie  nature  of  the  work  required  that  it  should 
contain  an  entire  System  of  Physical  Astronomy, 
from  the  first  elements  to  the  most  remote  conclu- 
sions of  the  science.  The  author  has  been  careful 
to  preserve  the  same  method  of  investigation 
throughout ;  so  that  even  where  he  has  to  deduce 
results  already  known,  there  is  a  unity  of  character 
and  method  that  presents  them  under  a  new  aspect. 

The  reasoning  employed  is  everywhere  algebrai- 
cal ;  and  the  various  parts  of  the  higher  mathema- 
tics, the  integral  calculus,  the  method  of  partial 
differences  and  of  variations,  are  from  the  first  out- 
set introduced,  whenever  they  can  enable  the  au- 
thor to  abbreviate  or  to  generalize  his  investiga- 

11 
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tions.     No  diagrams   or  geometrical   figures  are 
employed  j  and  the  reader  must  converse  with  the 
objects  presented  to  him  by  the  language  of  arbi- 
trary symbols  alone.     Whether  the  rejection  of  fi- 
gures be  in  all  respects  an  improvement,  and  whe- 
ther it  may  not  be  in  some  degree  hiutful  to  the 
powers  of  the  imagination,  we  will  not  take  upon 
us  to  decide.     It  is  certain,  however,  that  the  per- 
fection of  algebra  tends  to  the  banishment  of  dia- 
grams, and  of  all  reference  to  them.     Lagrange, 
in  his  treatise  of  Analytical  Mechanics,  has  no  re- 
ference to  figures,  notwithstanding  the  great  num- 
ber  of  mechanical  problems  which   he  resolves. 
The  resolution  of  all  the  forces  that  act  on  any 
point,  into  three  forces,  in  the  direction  of  three 
axes  at  right  angles  to  one  another,  enables  one  to 
express  their  relations  very  distinctly,  V^ithout  re- 
presenting them  by  a  figure,  or  expressing  them  by 
any  other  than  algebraic  symbols.     This  method 
is  accordingly  followed  in  the  M^canique  Celeste. 
Something  of  the  same  kind,  indeed,  seems  applica- 
ble to  almost  any  part  of  the  mathematics  }  and  a 
very  distinct  treatise  on  the  conic  sections,  we  doubt 
not,  might  be  written,  where  there  would  not  be  a 
single  diagram  introduced,  and  where  all  the  pro- 
perties of  the  ellipse,  the  parabola,  and  the  hyper- 
bola, would  be  expressed  either  by  words  or  by  al- 
gebraic   characters.      Whether    the    imagination 
would  lose  or  gain  by  this  exercise,  wc  shall  not  at 
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present  stop  to  inquire.  It  is  curious,  however,  to 
observe,  that  algebra,  which  was  first  introduced 
for  the  mere  purpose  of  assisting  geometry,  and 
supplying  its  defects,  has  ended,  as  many  auxili- 
aries have  done,  with  discarding  that  science  (or  at 
least  its  peculiar  methods)  almost  entirely.  We 
say,  almost  entirely ;  because  there  are,  doubtless,  a 
great  number  of  the  elementary  propositions  of 
geometry,  that  never  can  have  any  but  a  geometri- 
cal, and  some  of  them  a  synthetical  demonstration. 

The  work  of  Laplace  is  divided  into  two  parts, 
and  each  of  these  into  five  books.  The  first  part 
lays  down  the  general  principles  applicable  to  the 
whole  inquiry,  and  afterwards  deduces  from  them 
the  motions  of  the  primary  planets,  as  produced  by 
their  gravitation  to  the  sun.  The  second  part 
treats,  first  of  the  disturbances  of  the  primary  pla- 
nets, and  next  of  those  of  the  secondary. 

In  the  first  book,  the  theory  of  motion  is  explain- 
ed in  a  manner  very  unlike  what  we  meet  vtith  in 
ordinary  treatises, — with  extreme  generality,  and 
with  the  assistance  of  the  more  difficult  parts  of  the 
mathematics, — but  in  a  way  extremely  luminous, 
concise,  and  readily  applicable  to  the  most  extensive 
and  arduous  researches.  This  part  must  be  highly 
gratifying  to  those  who  have  a  pleasure  in  contem- 
plating the  different  ways  in  which  the  same  truths 
may  be  established,  and  in  pursuing  whatever  tends 
to  simi)Iicity  and  generalization.    The  greater  part 
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of  the  propositions  here  deduced  are  already  known ; 
but  it  is  good  to  have  them  presented  in  a  new  or- 
der, and  investigated  by  the  same  methods  that  are 
pursued  through  the  whole  of  this  work,  from  the 
most  elementary  truths  to  the  most  remote  conclu- 
sions. 

For  the  purpose  of  instructing  one  in  what  may 
be  called  the  Philosophy  of  Mechanics,  that  is,  in 
the  leading  truths  in  the  science  of  motion,  and  at 
the  same  time,  in  the  way  by  which  those  truths  are 
applied  to  particular  investigations,  we  do  not  be* 
lieve  any  work  is  better  adapted  than  the  first  book 
of  the  Micanique  Celeste^  provided  it  had  a  little 
more  expansion  given  it  in  particular  places,  and  a 
little  more  illustration  employed  for  the  sake  of 
those  who  are  not  perfectly  skilled  in  the  use  of  the 
instrument  which  Laplace  himself  employs  with  so 
much  dexterity  and  ease. 

From  the  differential  equations  that  express  the 
motion  of  any  number  of  bodies  subjected  to  the 
mutual  attraction  of  one  another,  deduced  in  the 
second  chapter,  Laplace  proceeds  to  the  integration 
of  these  equations  by  approximation,  in  the  third 
and  the  following  chapters.  The  first  step  in  this 
process  gives  the  integral  complete  in  the  case  of 
two  bodies,  and  shows  that  the  curve  described  by 
each  of  them  is  a  conic  section.  The  whole  theory 
of  the  elliptic  motion  follows,  in  which  the  solution 
of  Kepler's  problem,  or  the  expression  of  the  true 
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anomaly,  and  of  the  radius  vector  of  a  planet,  in 
terms  of  the  mean  anomaly,  or  of  the  time,  are  par- 
ticularly deserving  of  attention,  as  well  as  the  dif- 
ference between  the  motion  in  a  parabolic  orbit, 
and  in  an  elliptic  orbit  of  great  eccentricity. 

In  the  greater  part  of  this  investigation,  the 
theorems  are  such  as  have  been  long  since  deduced 
by  more  ordinary  methods }  the  deduction  of  them 
here  was  however  essential,  in  order  to  preserve 
the  unity  of  the  wori^,  and  to  show  that  the  simpler 
truths,  as  well  as  the  more  difficult,  make  parts  of 
the  same  system,  and  emanate  from  the  same  prin- 
ciple. These  more  elementary  investigations  have 
this  further  advantage,  that  the  knowledge  of  the 
calculus,  and  of  the  methods  peculiar  to  this  work, 
is  thus  gradually  acquired,  by  beginning  from  the 
more  simple  cases ;  and  we  are  prepared,  by  that 
means,  for  the  more  difficult  problems  that  are  to 
follow. 

The  general  methods  of  int^rating  the  differen- 
tial equations  above  mentioned,  are  laid  down  in  the 
fifth  chapter,  which  deserves  to  be  studied  with  par- 
ticular attention,  whether  we  would  improve  in  the 
knowledge  of  the  pure  or  the  mixed  mathematics. 
The  calculus  of  variations  is  introduced  with  great 
effect  in  the  last  article  of  this  chapter. 

A  very  curious  subject  of  investigation,  and  one 

that  we  believe  to  be  altogether  new,  follows  in  the 

next  chapter.    In  the  general  movement  of  a  sy^- 
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tern  of  bodies,  such  as  is  here  supposed,  and  sucfa^ 
too,  as  is  actually  exemplified  in  nature,  erery  thing 
is  in  motion;  not  only  every  body,  but  the  plane  of 
erery  orbit.     The  mutual  action  of  the  planeta 
changes  the  positions  of  the  planes  in  which  they 
revolve ;  and  they  are  perpetually  made  to  depart^ 
by  a  small  quantity,  on  one  side  or  another,  each 
from  that  plane  in  which  it  would  go  on  continuallyt 
if  their  mutual  action  were  to  cease.    The  calculus 
makes  it  appear,  that  the  inclinations  of  these  or« 
bits  in  the  planetary  system  is  stable,  or  that  the 
planes  of  the  orbits  oscillate  a  little,  backwards  and 
forwards,  on  each  side  of  a  fixed  and  immoveable 
pkne.    This  plane  is  shown  to  be  one,  on  which,  if 
every  one  of  the  bodies  of  the  system  be  projecte4 
by  a  perpendicular  let  £UI  from  it,  and  if  the  mass 
of  each  body  be  multiplied  into  the  area  described 
in  a  given  time  by  its  projection  on  the  said  planet 
the  sum  of  all  these  products  shall  be  a  maaimunu 
From  this  condition,  the  method  of  determining 
the  immoveable  plane  is  deduced ;  and  in  the  pro- 
gress of  science,  when  observations  made  at  a  great 
distance  of  time  shall  be  compared  together,  the  re- 
ference of  them  to  an  immoveable  plane  must  be* 
come  a  matter  of  great  importance  to  astronomers. 
As  the  great  problem  resolved  in  this  first  hook 
is  that  which  is  called  the  problem  of  the  Three 
Bodies,  it  may  be  proper  to  give  some  account  of 
the  steps  by  which  mathematicians  have  been  gm- 
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dadly  conducted  to  a  solution  of  it  so  perfect  as 
that  which  is  given  by  Laplace.  The  problem  is, 
-^Having  given  the  masses  of  three  bodies  project- 
ed from  three  points  given  in  position  with  veloci- 
ty given  in  their  quantity  and  direction,  and  sup- 
posing the  bodies  to  gravitate  to  one  another  with 
forces  that  are  as  their  masses  directly  and  the 
squares  of  their  distances  inversely,  to  find  the 
fines  described  by  these  bodies,  and  their  position, 
at  any  given  instant. 

The  problem  may  be  .rendered  still  more  gene- 
ral, by  supposing  the  number  of  bodies  to  be  great- 
er than  three. 

To  resolve  the  problem  in  the  general  form  con- 
tained in  either  of  these  enunciations,  very  far  ex- 
ceeds the  powers  even  of  the  most  improved  analy- 
sis. In  the  cases,  however,  where  it  applies  to  the 
heavens,  that  is,  when  one  of  the  bodies  is  very 
great  and  powerful  in  respect  of  the  other  two,  a 
solution  by  approximation,  and  having  any  required 
degree  of  accuracy,  may  be  obtained. 

When  the  number  of  bodies  is  only  two,  the 
problem  admits  of  a  complete  solution.  Newton 
had  accordingly  resolved  the  problem  of  two  bodies 
gravitating  to  one  another,  in  the  most  perfect 
manner  ;  and  had  shown,  that  when  their  mutual 
gravitation  is  as  their  masses  divided  by  the  squares 
of  their  distances,  the  orbits  they  describe  are  co- 
nic sections.     The  application  of  this  theorem  and 
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its  corollaries  to  the  motions  of  the  planets  round 
the  sun,  furnished  the  most  beautiful  explanatic^i 
of  natural  phenomena  that  had  yet  been  exhibited 
to  the  world ;  and  however  excellent,  or  in  sooM 
respects  superior,  the  analytical  methods  may  be 
that  have  since  been  applied  to  this  problem,  yf» 
hope  that  the  original  demonstrations  will  never  be 
overlooked.  When  Newton,  however,  endeavour^ 
ed  to  apply  the  same  methods  to  the  case  of  a 
planet  disturbed  in  its  motion  round  its  primary 
by  the  action  of  a  third  body,  the  difficulties  were 
too  great  to  be  completely  overcome.  The  efforts^ 
nevertheless,  which  he  made  with  instrumental 
that,  though  powerful,  were  still  inadequate  to  the 
work  in  which  they  were  employed,  displayed,  in  a 
striking  manner,  the  resources  of  his  genius,  and 
conducted  him  to  many  valuable  discoveries.  Five 
of  the  most  considerable  of  the  inequalities  in  the 
moon's  motion  were  explained  in  a  satisfactory 
manner,  and  referred  to  the  sun's  action ;  but  be* 
yond  this,  though  there  is  some  reason  to  think 
that  Newton  attempted  to  proceed,  he  has  not  made 
us  acquainted  with  the  route  which  he  pursued.  It 
was  evident,  however,  that  besides  these  five  inequa- 
lities, there  were  many  more,  of  less  magnitude  in- 
deed, but  of  an  amount  that  was  often  considerable^ 
though  the  laws  which  they  were  subject  to  were 
unknown,  and  were  never  likely  to  be  discovered 
by  observation  alone. 
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It  18  the  glory  of  the  Newtonian  philosophy,  not 
to  have  been  limited  to  the  precise  point  of  perfec- 
tion to  which  it  was  carried  by  its  author ;  nor, 
like  all  the  systems  which  the  world  had  yet  seen, 
from  the  age  of  Aristotle  to  that  of  Descartes, 
either  to  continue  stationary,  or  to  decline  gra- 
dually from  the  moment  of  its  publication.  Three 
geometers,  who  had  studied  in  the  schools  of  New- 
ton and  of  Leibnitz,  and  had  greatly  improved  the 
methods  of  their  masters,  ventured,  nearly  about 
the  same  time,  each  unknown  to  the  other  two,  to 
propose  to  himself  the  proMem  which  has  since 
been  so  well  known  under  the  name  of  the  Fh>- 
Uem  of  Three  Bodies.  Clairaut,  IVAlembert, 
and  Euler,  are  the  three  illustrious  men,  who^  as 
by  a  common  impulse,  undertook  this  investigatkm 
in  the  year  VJATJ ;  the  priority,  if  any  could  be 
claimed,  being  on  the  side  of  Clairaut.  The  ob- 
ject of  those  geometers  was  not  merely  to  explain 
the  lunar  inequalities  that  had  been  observed ;  they 
aimed  at  something  higher  ;  viz.  from  theory  to  in- 
vestigate all  the  inequalities  that  could  arise  as  the 
effects  of  gravitation,  and  so  to  give  an  accuracy  to 
the  tables  of  the  moon,  that  they  could  not  derive 
from  observation  alone.  Thus,  after  having  as- 
cended with  Newton  fit)m  phenomena  to  the  prin- 
ciple of  gravitation,  they  were  to  descend  from  that 
principle  to  the  discovery  of  new  ftu^  ;  and  thus, 
by  the  twofold  method  of  analysis  and  composition. 
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to  apply  to  their  theory  the  severest  test,  the  only 
infallible  criterion  that  at  all  times  distinguishes 
truth  from  falsehood.  Clairaut  was  the  first  who 
deducedi  from  his  solution  of  the  problem,  a  com- 
plete set  of  lunar  tables,  of  an  accuracy  for  superi* 
or  to  any  thing  that  had  yet  appeared,  and  which, 
when  compared  with  observation,  gave  the  moon's 
place,  in  all  situations,  very  near  the  truth. 

Their  accuracy,  however,  was  exceeded,  or  at 
least  supposed  to  be  exceeded,  by  another  set  pro- 
duced by  Tobias  Mayer  of  Gottingen,and  grounded 
on  Euler's  solution^  compared  very  diligently  with 
observation.  The  expression  of  the  lunar  irr^u- 
larities,  as  deduced  from  theory,  is  represented  by 
the  terms  of  a  series,  in  each  of  which  there  are 
two  parts  carefuUy  to  be  distinguished ;  one,  which 
is  the  sine  or  cosine  of  a  variable  angle  determined 
at  every  instant  by  the  time  counted  from  a  certain 
epocha ;  another,  which  is  a  coefficient  or  multi- 
plier, in  itself  constant,  and  remaining  always  the 
same.  The  determination  of  this  constant  part 
may  be  derived  from  two  di£^rent  sources }  either 
from  our  knowledge  of  the  masses  of  the  sun  and 
moon,  and  their  mean  distances  from  the  earth ;  or 
from  a  comparison  of  the  series  above  mentioned, 
with  the  observed  places  of  the  moon,  whence  the 
values  of  the  coefficients  are  found,  which  make 
the  series  agree  most  accurately  with  observatioiK 
Mayer,  who  was  himself  a  very  skilful  astronomer. 
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had  been  very  careful  in  making  these  comparisons, 
and  thence  arose  the  greater  accuracy  of  his  tables. 
The  problem  of  finding  the  longitude  at  seat  which 
was  now  understood  to*  depend  so  much  on  the 
exactness  with  which  the  moon's  place  could  be 
ooipputedy  gave  vast  additional  value  fo  these  re- 
searches, and  established  a  very  close  connection 
bctwcfen  th^  conclusions  pf  theory,  and  one  of  the 
most  important  of  the  arts.  Mayer's  tables  were 
jewarded  by  the  Board  of  }x)ngitude  in  England  ; 
and  Euler's,  at  the  su^estion  of  Turgot,  by  the 
Board  of  Longitude  in  France. 

It  may  be  remarked  here,  as  a  curious  &ct  in 
the  history  of  science,  that  the  accurate  solution  of 
the  problem  of  the  Three  Bodies,  which  has  in  the 
end  established  the  system  of  gravitation  on  so  solid 
a  basis,  seemed,  on  it^  first  appearance,  to  threaten 
the  total  overthrow  of  that  system.  Clairaut  found, 
jon  determining,  from  his  solution,  the  motion  of 
the  longer  axis  of  the  moon's  orbit,  that  it  came 
out  only  the  half  of  what  it  was  known  to  be  from 
astronomical  observation.  In  consequence  of  this, 
he  was  persuaded,  that  the  force  with  which  the 
earth  attracts  the  moon,  does  not  decrease  exactly 
as  the  squares  of  the  distances  increase,  but  that  a 
part  of  it  only  follows  that  law,  while  another  fol- 
lows the  inverse  of  the  biquadrate  or  fourth  power 
pf  the  distances.  The  existence  of  such  a  law  of 
fittraction  was  violently  opposed  by  Buifon,  who 
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objected  to  it  the  want  of  simplicity^  and  argued 
that  there  was  no  sufficient  reason  for  determining 
what  part  of  the  attraction  should  be  subject  to  the 
one  of  these  laws,  and  what  part  to  the  other. 
Clairaut,  and  the  other  two  mathematicians,  (who 
had  come  to  the  same  result,)  were  not  much  in- 
fluenced by  this  metaphysical  argument ;  and  the 
former  proceeded  to  inquire  what  the  proportion 
was  between  the  two  parts  of  the  attraction  that 
followed  laws  so  different. 

He  was  thus  forced  to  carry  his  approximation 
farther  than  he  had  done,  and  to  include  some 
quantities  that  had  before  been  rejected  as  too 
small  to  affect  the  result.  When  he  had  done  this, 
he  found  the  numerator  of  the  fraction  that  denote 
ed  the  part  of  gravity  which  followed  the  new  law^ 
equal  to  nothing ;  or,  in  other  words,  that  there  was 
no  such  part.  The  candour  of  Clairaut  did  not 
suffer  him  to  delay,  a  moment,  the  acknowledg- 
ment of  this  result ;  and  also,  that  when  his  cal- 
culus was  rectified,  and  the  approximation  carried 
to  the  full  length,  the  motion  of  the  moon's  ap- 
sides as  deduced  from  theory,  coincided  exactly 
with  observation. 

Thus,  the  lunar  theory  was  brought  to  a  very 
high  degree  of  perfection ;  and  the  tables  con** 
structed  by  means  of  it,  were  found  to  give  the 
moon's  place  true  to  3Qf'.  Still,  however,  there 
was  one  inequality  in  the  motion's  motion,  for 
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which  the  principle  of  gravitation  afforded  no  ac- 
count whatever.     This  was  what  is  known  by  the 
name  of  the  moon's  acceleration.     Dr  Halley  had 
observed,   on  comparing   the  ancient  with    mo- 
dern observations,  that  the  moon's  motion  round 
the  earth  appeared  to  be  now  performed  in  a  short- 
er time  than  formerly;   and  this  inequality  ap- 
peared to  have  been  regularly,  though  slowly,  in- 
creasing; so  that,  on  computing  backward  from  the 
present  time,  it  was  necessary  to  suj^se  the  moon 
to  be  uniformly  retarded,  (as  in  the  case  of  a  body 
«cending  agdnst  gravity,)  the  effect  of  this  retar- 
dation  increasing  as  the  squares  of  the  time.     All 
astronomers  admitted  the  existence  of  this  inequa- 
lity  in  the  moon's  motion ;  but  no  one  saw  any 
means  of  reconciling  it  with  the  principle  of  gra- 
vitation.    All  the  irregularities  of  the  moon  arising 
from  that  cause  had  been  found  to  be  periodical ; 
they  were  expressed  in  terms  of  the  sines  and  co- 
sines of  arches ;  and  though  those  arches  depend 
on  the  thne,  and  might  increase  with  it  continual- 
ly, their  sines  and  cosines  had  limits  which  they 
never  could  exceed,  and  from  which  they  returned 
perpetuaUy  in  the  same  order.     Here,  therefore, 
was  one  of  the  greatest  anomalies  yet  discovered 
in  the  heavens^— an  inequality  that  increased  con- 
tinually, and  altered  the  mean  rate  of  the  moon*s 
motion.    Various  attempts  were  made  to  explain 
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this  phenomenon,  and  those  too  attended  with 
much  intricate  and  laborious  investigation. 

To  some  it  appeared,  that  this  perpetual  decrease 
in  the  time  oi  the  moon's  revolution,  must  arise 
from  that  resistance  of  the  medium  in  which  she 
moves,  which,  by  lessening  her  absolute  velocity, 
would  give  gravity  mofe  power  over  her ;  so  that 
she  would  come  nearer  to  the  earth,  would  revolve 
in  less  time,  and  therefore  with  a  greater  angular 
velocity.  This  hypothesis,  though  so  unlike  what 
we  are  led  to  believe  from  all  other  appearances, 
must  have  been  admitted,  if,  upon  applying  mathe- 
matical reasoning,  it  had  been  found  to  afford  a 
good  explanation  of  the  appearances.  It  was  found, 
however,  on  trial,  that  it  did  not ;  and  that  the 
moon's  acceleration  could  not  be  explained  by  the 
supposed  resistance  of  the  ether. 

Another  hypothesis  occurred,  from  which  an  ex- 
planation was  attempted  of  this  and  of  some  great 
inequalities  in  the  motions  of  Jupiter  and  Saturn, 
that  seemed  not  to  retura  periodically,  and  were 
therefore  nearly  in  the  same  circumstances  with 
the  moon's  acceleration.  It  was  observed,  that 
most  of  the  agents  we  are  acquainted  with,  take 
time  to  pass  from  one  point  of  space  to  another ; 
that  the  force  of  gravity  may  be  of  this  sort,  and 
may  not,  any  more  than  light,  be  instantaneously 
transmitted  from  the  sun  to  the  planets,  or  from 
the  planets  to  one  another.     The  effect  that  would 
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arise  from  the  time  thus  taken  up  by  gravity,  in 
its  transmission  jfrom  one  point  of  space  to  another, 
was  therefore  investigated  by  the  strictest  laws  of 
geometry ;  but  it  was  found,  that  this  hypothesis 
did  not,  any  more  than  the  preceding,  afford  an 
explanation  of  the  moon's  acceleration. 

By  this  time,  also^  it  was  demonstrated,  that 
there  was  not,  and  could  not  be,  in  our  system, 
any  inequality  whatever  produced  by  the  mutual 
gravitation  of  the  planets,  that  was  not  periodical, 
and  that  did  not,  after  I'eaching  a  certain  extent, 
go  on  to  diminish  by  the  same  law  that  it  had  in- 
creased. 

An  entire  suspense  of  opinion  conceraing  the 
moon's  acceleration  therefore  took  place,  till  La- 
place found  out  a  truth  that  had  eluded  the  search 
of  every  other  mathematician.  It  was  known  to 
him,  both  from  the  investigation  of  Lagrange,  and 
from  his  own,  that  there  are  changes  in  the  eccen- 
tricities of  the  planetary  orbits,  extremely  slow, 
and  of  which  the  full  series  is  not  accomplished  but 
in  a  very  long  period.  The  eccentricity  of  the 
earth's  orbit  is  subject  to  this  sort  of  change ;  and 
as  some  of  the  lunar  inequalities  are  known  to  de- 
pend on  that  eccentricity,  they  must  vary  slowly  a- 
long  with  it ;  and  hence  an  irregularity  of  a  very 
loDg  period  in  the  moon's  motion.  On  examining 
further,  and  the  examination  was  a  matter  of  great 
difficulty,  Laplace  found  this  inequality  to  answer 
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very  exactly  to  what  we  have  called  the  accelera- 
tion of  the  moon ;  for  though,  in  strictness,  it  is 
not  uniform,  it  varies  so  slowly,  that  it  may  be  ac« 
counted  uniform  for  all  the  time  that  astronomical 
observation  has  yet  existed.  It  is  a  quantity  of 
such  a  kind,  and  its  period  of  change  is  so  long, 
that  for  an  interval  of  two  thousand  years,  it  may 
be  considered  as  varying  uniformly.  Two  thou- 
sand  years  are  little  more  than  an  infinitesimal  in 
this  reckoning ;  and  as  an  astronomer  thinks  he 
commits  no  error  when  he  considers  the  rate  of  the 
sun's  motion  as  uniform  for  twenty-four  hours,  so 
he  commits  none  when  he  regards  the  rate  of  this 
equation  as  continuing  the  same  for  twenty  centu- 
ries. That  man,  whose  life,  nay,  the  history  of 
whose  species,  occupies  such  a  mere  point  in  the 
duration  of  the  world,  should  come  to  the  know- 
ledge of  laws  that  embrace  myriads  of  ages  in  their 
revolution,  is  perhaps  the  most  astonishing  fact 
that  the  history  of  science  exhibits. 

Thus  Laplace  put  the  last  hand  to  the  theory  of 
the  moon,  nearly  one  hundred  years  after  that 
theory  had  been  propounded  in  the  first  edition  of 
the  Frincipia. 

The  branch  of  the  theory  of  disturbing  forces 
that  relates  to  the  action  of  the  primary  planets  on 
one  another,  was  cultivated  during  the  same  period, 
with  equal  diligence,  and  with  equal  success.  In 
the  years  1748  and  175^1  the  Academy  of  Scien- 
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ces  proposed  for  prize  questions  the  inequalities  of 
Jupiter  and  Saturn  ;  both  the  prizes  were  gained 
by  Euler,  whose  researches  have  thrown  so  much 
light  on  all  the  more  difficult  questionsi  both  of  the 
pure  and  the  mixed  mathematics.     There  was  a 
particular  difficulty  that  attended  this  inquiry,  and 
distinguished  it  greatly  from  the  case  of  the  moon 
disturbed  in  its  motion  by  so  distant  a  body  as  the 
sun.     In  the  case  of  Jupiter  and  Saturn,  the  dis- 
turbing body  may  be  as  near  to  the  one  disturbed 
as  this  last  is  to  the  body  about  which  it  revolves  ; 
for  the  distance  of  Saturn  from  Jupiter  may  some- 
times be  nearly  the  same  with  that  of  Jupiter  from 
the  sun.     In  such  cases,  the  means  of  obtaining  a 
series  expressing  the  force  of  the  one  planet  on  the 
other,  and  converging  quickly,  was  quite  different 
from  any  thing  required  in  the  case  of  the  moon, 
and  was  a  matter  of  extreme  difficulty.     No  man 
was  more  fit  than  Euler  to  contend  with  such  a  dif- 
ficulty ;  he  accordingly  overcame  it ;  and  his  mode 
of  doing  so  has  served  as  the  model  for  all  the  si- 
milar researches  that  have  since  been  made.     It 
resulted  from   his    investigation,   that   both  the 
planets  were  subject  to  considerable  inequalities, 
depending  on  the  action  of  one  another,  but  all  of 
them  periodical,  and  returning  after  certain  stated 
intervals,  not  exceeding  twenty  or  thirty  years, 
Mttiy  in  the  same  order. 
Though  this  agreed  well  with  astronomical  ob- 
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servatioDS  so  far  as  it  went,  yet  it  afTorded  no  ac- 
count of  two  inequalities  of  very  long  periods,  or 
perhaps  of  indefinite  extent,  which,  by  the  compa- 
rison of  ancient  and  modem  observations,  seemed 
to  affect  the  motions  of  these  two  planets  in  oppo- 
site directions. 

This  was  a  subject,  therefore,  that  remained  for 
farther  discussion.  In  the  mean  time,  it  was  con- 
sidered that  the  other  planets  must  no  doubt  be  af- 
fected in  the  samc^way ;  and  both  Euler  and 
Clairaut  gave  computations  of  the  disturbance 
which  the  earth  suffers  from  Jupiter,  Venus,  and 
the  Moon.  The  same  was  extended  to  the  other 
planets  ;  and  a  great  additional  d^ree  of  accuracy 
was  thus  given  to  all  the  tables  of  the  planetary 
motions. 

In  the  course  of  these  researches,  the  change  in 
the  obliquity  of  the  ecliptic  came  first  •  to  be  per« 
fectly  recognized,  and  ascribed  to  the  action  of  the 
planets  above  named  on  the  Earth.  It  was  proved 
by  Euler,  that  the  change  in  this  obliquity  is  pe- 
riodical, like  all  the  others  we  have  already  seen  ; 
that  it  is  not  a  constant  diminution,  but  a  small 
i^id  slow  oscillation  on  each  side  of  a  mean  quanti- 
ty, by  which  it  alternately  increases  and  diminishea 
in  the  course  of  periods  which  are  not  all  of  tb^ 
same  length,  but  by  which,  in  the  course  of  many 
ages,  a  compensation  ultimately  takes  place. 

Still,  however,  the  secular  inequalities  to  which 
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Jupiter  and  Saturn  were  subject,  and  which  seemed 
to  increase  continually  without  any  appearance  of 
returning  into  themselves,  were  not  accounted  for; 
so  that  the  problem  of  their  disturbance  was  either 
imperfectly  resolved,  or  they  must  be  supposed  to  be 
subject  to  the  action  of  a  force  different  from  their 
mutual  attraction.     In  the  course  of  about  twenty 
centuries  to  which  astronomical  observation  had 
extended,  it  appeared  that  the  motion  of  Jupiter 
had  been  accelerated  by  3^  2S^,  and  that  of  Saturn 
retarded  by  5^  Id'.     This  had  been  first  remarked 
by  Dr  Halley,  and  had  been  confirmed  by  the  cal- 
culations of  all  the  astronomers  who  came  after  him. 
With  a  view  to  explain  these  appearances,  Euler, 
resuming  the  subject,  found  two  inequalities  of  long 
periods  that  belonged  to  Jupiter  and  Saturn ;  but 
they  were  not  such  as,  either  in  their  quantity  or  in 
their  relation  to  one  another,  agreed  with  the  facts 
observed.   Lagrange  afterwards  undertook  the  same 
investigation  ;  but  his  results  were  unsatisfactory  ; 
and  Laplace  himself,  on  pushing  his  approximation 
farther  than  either  of  the  other  geometers  had  done, 
found  that  no  alteration  in  the  mean  motion  could 
be  produced  by  the  mutual  action  of  these  two 
j^anets.     Physical  astronomy  was  now  embarrassed 
with  a  great  difficulty,  and  at  the  same  time  was  on 
the  eve  of  one  of  the  noblest  discoveries  it  has  ever 
made.     The  same  Lagrange,  struck  with  this  cir- 
cumstance, that  the  calculus  had  never  yet  given 
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any  inequalities  but  such  as  were  periodical,  applied 
himself  to  the  study  of  this  general  questioiit 
whether,  in  our  planetary  system,  such  inequalities 
as  continually  increase,  or  continually  diminish, 
and  by  that  means  affect  the  mean  motion  of  the 
planets,  can  ever  be  produced  by  their  mutual  gra- 
vitation. He  found,  by  a  method  peculiar  to  him- 
self, and  independent  of  any  approximation,  that 
the  inequalities  produced  by  the  mutual  action  of 
the  planets,  must,  in  effect,  be  all  periodical :  that 
amid  all  the  changes  which  arise  from  their  mutual 
action,  two  things  remain  perpetually  the  same ;  viz. 
the  length  of  the  greater  axis  of  the  ellipse  which 
the  planet  describes,  and  its  periodical  time  round 
the  sun,  or,  which  is  the  same  thing,  the  mean  dis- 
tance of  each  planet  from  the  sun,  and  its  mean 
motion  remain  constant.  The  plane  of  the  orbit 
varies,  the  species  of  the  ellipse  and  its  eccentricity 
change  ;  but  never,  by  any  means  whatever,  the 
greater  axis  of  the  ellipse,  or  the  time  of  the  entire 
revolution  of  the  planet.  The  discovery  of  this 
great  principle,  which  we  may  consider  as  the  bul- 
wark that  secures  the  stability  of  our  system,  and 
excludes  all  access  to  confusion  and  disorder,  must 
render  the  name  of  Lagrange  for  ever  memorable  in 
science,  and  ever  revered  by  those  who  delight  in 
the  contemplation  of  whatever  is  excellent  and  sub- 
lime. After  Newton*s  discovery  of  the  elliptic  or- 
bits of  the  planets,  Lagrange's  discovery  of  their 
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periodical  inequalities  is,  without  doubt,  the  noblest 
tnttb  in  physical  astronomy ;  and,  in  respect  of  the 
doctrine  of  final  causes,  it  may  truly  be  regarded  as 
tbfegteatest  of  alL 

The  discovery  of  this  great  truthi  however,  on 
the  present  occasion,  did  but  augmant  the  difficulty 
with  respect  to  those  inequalities  of  Jupiter  and 
Saturn,  that  seemed  so  uniform  in  their  rate ;  and 
it  became  now  more  than  ever  probable,  iliat  some 
CKtraneous  cause,  different  from  gravitation,  must 
necessarily  be  recognized. 

It  was  here  that  Laplace  stepped  in  again  to  ex<- 
tricate  philosophers  from  their  dilemma.  On  sub* 
jecting  the  problem  of  the  disturbances  of  the  two 
planets  above  mentioned,  to  a  new  examination,  he 
found  that;  some  of  the  terms  expressing  the  ine- 
qualities of  these  planets,  which  seemed  small,  as 
they  involved  the  third  power  of  the  eccentricities, 
had  very  long  periods,  depending  on  five  times  the 
mean  motion  of  Saturn  minus  twice  the  mean  mo* 
tion  of  Jupiter,  which  is  an  extremely  small  quan- 
tity, the  mean  motion  of  Jupiter  being  to  the  mean 
motion  of  Saturn  in  a  ratio  not  fiir  from  that  of  five 
to  two.  Hence  it  appeared,  that  each  of  these 
planets  was  subject  to  an  inequality,  having  a  period 
of  nine  hundred  and  seventeen  years,  amounting  in 
the  case  of  the  former,  when  a  maximum,  to  48' 
44'',  and  in  that  of  the  other  to  20'  W,  with  op- 
posite  signs. 
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These  two  results,  therefore,  are  dedueed  from 
the  theory  of  graritatioD,  and,  when  applied  to  th« 
comparison  of  the  ancient  and  modem  observations, 
are  found  to  reconcile  them  precisely  with  one  ano- 
ther. The  two  equations  had  reached  their  maxi- 
mum in  1560 :  from  that  time,  the  apparent  mean 
motions  of  the  planets  have  been  approaching  to  the 
true,  and  became  equal  to  them  in  1790.  Laplace 
has  further  observed,  that  the  mean  motions  which 
any  system  of  astronomy  assigns  to  Jupiter  and 
Saturn,  give  us  some  information  concerning  the 
time  when  that  system  was  formed*  Thus,  the 
Hindoos  seem  to  have  formed  their  system  when 
the  mean  motion  of  Jupiter  was  the  slowest,  and 
that  of  Saturn  the  most  rapid ;  and  the  two  periods 
which  fulfil  these  conditions,  come  very  near  to  the 
year  3102  before  the  Christian  era,  and  the  year 
1491  after  it,  both  of  them  remarkable  epochs  in 
the  astronomy  of  Hindostan. 

Thus,  a  perfect  conformity  is  established  be- 
tween theory  and  observation,  in  all  that  respects 
the  disturbances  of  the  primary  planets  and  of  the 
moon ;  there  does  not  remain  a  single  inequality 
unexplained  ;  and  a  knowledge  is  obtained  of  seve- 
ral, of  which  the  existence  was  indicated,  though 
the  law  could  not  have  been  discovered  by  observa- 
tion alone. 

The  discoveries  of  Laplace  had  first  been  com- 
municated  in  the  Memoirs  of  the  Academy  of 
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Sciences ;   as  those  of  the  odier  mathematicians 
above  mentiooed  had  been,  eidier  in  these  same 
Memoirs,  or  in  those  of  Peterdimrgh  and  Berlin. 
An  important  service  is  rendered  to  science,  by 
bringing  all  these  investigations  into  one  view,  as  is 
done  in  the  M^canique  Celeste,  and  deducing  diem 
from  the  same  principles  in  one  and  the  same  me- 
thod.    Laplace,  though  far  from  the  only  one  who 
had  signalized  himself  in  this  great  road  of  dis^ 
covery,  being  the  person  who  had  put  the  last  hand 
to  every  part,  and  had  overcome  the  difficulties 
which  had  resisted  the  efforts  of  all  the  rest,  was 
the  man  best  qualified  for  this  work,  and  best  en- 
titled to  the  honour  that  was  to  result  from  it. 
Indeed,  of  all  the  great  co-operators  in  this  unex* 
ampled  career  of  discovery,  Lagrange  and  Laplace 
himself  were  the  only  survivors  when  this  work  was 
published. 

We  cannot  dismiss  the  general  consideration  of 
the  problem  of  the  Three  Bodies,  and  of  the  Second 
Book  of  the  M^canique  Celeste,  without  taking 
notice  of  another  conclusion  that  relates  particular- 
ly to  the  stability  of  the  planetary  system.  The 
orbits  of  the  planets  are  all  ellipses,  as  is  well  known, 
having  the  sun  in  their  common  focus ;  and  the 
distance  of  the  focus  from  the  centre  of  the  ellipsis, 
is  what  astronomers  call  the  eccentricity  of  the  or- 
bit. In  all  the  planetary  orbits,  this  eccentricity  is 
sm^ll,  and  the  ellipse  approaches  nearly  to  a  circle. 
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These  eccentricities,  however,  continually  change* 
though  very  slowly,  in  the  progress  of  time,  but  in 
such  a  manner  that  none  of  them  can  ever  become 
very  great.  They  may  vanish,  or  become  nothing, 
when  the  orbit  wiH  be  exactly  circular ;  in  which 
state,  however,  it  will  not  continue,  but  change  in 
the  course  of  time,  into  an  ellipsis,  of  an  eccentri- 
city that  will  vary  as  before,  so  as  never  to  exceed 
a  certain  limit.  What  this  limit  is  for  each  indivi- 
dual planet,  would  be  difficult  to  determine,  the 
expression  of  the  variable  eccentricities  being  ne- 
cessarily very  complex.  But,  notwithstanding  of 
this,  a  general  theorem,  which  shows  that  none  of 
them  can  ever  become  great,  is  the  result  of  one  of 
Laplace's  investigations.  It  is  this  —If  the  mass  of 
each  planet  be  multiplied  into  the  square  of  the 
eccentricity  of  its  orbit,  and  this  product  into  the 
square  root  of  the  axis  of  the  same  orbit,  the  sum 
of  all  these  quantities,  when  they  are  added  to- 
gether, will  remain  for  ever  the  same.  This  sum 
is  a  constant  magnitude,  which  the  mutual  action 
of  the  planets  cannot  change,  and  which  nature 
preserves  free  from  alteration.  Hence  no  one  of 
the  eccentricities  can  ever  increase  to  a  great  mag- 
nitude ;  for  as  the  mass  of  each  planet  is  given, 
and  also  its  axis,  the  square  of  the  eccentricity  in 
each,  is  jnultiplied  into  a  given  coefficient,  and  the 
sum  of  all  the  products  so  formed,  is  incapable  of 
change.      Here,  therefore,  we  have  again  another 
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general  property,  by  which  the  stability  of  our  sys- 
tem is  maintained ;  by  which  every  great  alteration 
is  excluded  \  and  the  whole  made  to  oscillate,  as  it 
were,  about  a  certain  mean  quantity,  from  which  it 
can  never  greatly  depart. 

If  it  be  asked.  Is  this  quantity  necessarily  and 
unavoidably  permanent  in  all  systems  that  can  be 
imagined,  or  under  every  possible  constitution  of 
the  planetary  orbits  ?  We  answer.  By  no  means  : 
if  the  planets  did  not  all  move  one  way, — ^if  their 
orbits  were  not  all  nearly  circular,  and  if  their 
eccentricities  were  not  small,  the  permanence  of  the 
preceding  quantity  would  not  take  place.  It  is  a 
permanence,  then,  which  depends  on  conditions 
that  are  not  necessary  in  themselves ;  and  therefore 
we  are  authorized  to  consider  such  permanence  as 
an  argument  of  design  in  the  construction  of  the 
universe. 

When  we  thus  obtain  a  limit,  beyond  which  all 
the  changes  that  can  ever  happen  in  our  system 
shall  never  pass,  we  may  be  said  to  penetrate,  not 
merely  into  the  remotest  ages  of  futurity,  but  to 
look  beyond  them,  and  to  perceive  an  object,  situ- 
ated, if  we  may  use  the  expression,  on  the  other 
side  of  infinite  duration. 

Though,  in  the  detail  into  which  we  have  now 
entered,  we  have  anticipated  many  things  that  may 
be  thought  to  belong  to  another  place,  we  think 
that  the  leading  facts  are  in  this  way  least  separat- 
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ed  from  one  another.  Laplace,  afler  treating  of  the 
problems  of  the  Three  Bodies  generally  in  the  Se- 
cond Book,  to  which  the  observations  made  aboffe 
chiefly  refer,  resumes  the  consideration  of  the  same 
problem,  and  the  application  of  it  to  the  tables  of 
the  planets  in  the  Sixth  and  Seventh.  These  we 
shall  be  able  to  pass  over  slightly,  as  much  of  what 
might  be  said  concerning  them  is  contained  m  the 
preceding  remarks.  We  go  on  now  to  the  Second 
Volume,  which  treats  of  the  Figure  of  the  Planets, 
and  of  the  Tides. 

In  the  First  Book,  a  foundation  was  laid  for  this 
research  by  the  general  theorems  that  were  investi- 
gated concerning  the  equilibrium  of  fluids  and  the 
rotation  of  bodies.  These  are  appli^  here  ;  fitst, 
to  the  figure  of  the  planets  in  general ;  and  afters- 
wards  particularly  to  the  figure  of  the  earth. 

The  first  inquiry  into  the  physical  causes  whidi 
determine  the  figure  of  the  earth  and  of  the  other 
planets,  was  the  work  of  Newton,  who  showed,  that 
a  fluid  mass  revolving  on  its  axis,  and  its  particles 
gravitating  to  one  another  with  forces  inversely  as 
the  squares  of  their  distances,  must  assume  the  fi- 
gure of  an  oblate  spheroid  ;  and  that,  in  the  case  of 
a  homogeneous  body,  where  the  centrifugal  force 
bore  the  same  ratio  to  the  force  of  gravity  that  ob- 
tains at  the  surface  of  the  earth,  the  equatorial  dia- 
meter of  the  spheroid  must  be  to  the  polar  axis  as 
231  to  230.   The  method  by  which  this  conclusion 
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<vas  deduced  was,  however,  by  no  means  unexcep- 
tionable, as  it  took  for  granted,  that  the  spheroid 
must  be  elliptical.  The  defects  of  the  investigation 
were  first  supplied  by  Maclaurin,  who  treated  the 
nibject  of  the  Figure  of  the  Earth  in  a  manner  alike 
estimable  for  its  accuracy  and  its  elegance.  His 
demonstration  had  the  imperfection,  at  least  in  a 
certain  degree,  of  being  synthetical ;  and  this  was 
remedied  by  Clairaut ;  who,  in  a  book  on  the  Figure 
of  the  Earth,  treated  the  subject  still  more  fully ; 
simplified  the  view  of  the  equilibrimn  that  deter- 
mines the  figure ;  and  showed  the  true  connection 
between  the  compression  at  the  poles  and  the  dimi- 
nution of  gravity  on  going  from  the  poles  to  the 
equator,  whatever  be  the  internal  structure  of  the 
spheroid.  Several  mathematicians  considered  the 
same  subject  afterwards ;  and,  in  particular,  Le- 
gendie  proved,  that,  for  every  fluid  mass  given  in 
magnitude,  and  revolving  on  its  axis  in  a  given 
time,  there  are  two  elliptic  spheroids  that  answer 
the  conditions  of  equttibrium  :  in  the  instance  of 
the  Earth,  one  of  these  has  its  eccentricity  in  the 
ratio  of  231  to  230  ;  the  other,  in  the  ratio  of  680 
tol. 

.,    The  results  of  those  investigations,  with  the  addi- 
tion of  several  quite  new,  are  brought  together  in 
the  work  before  us,  and  deduced  according  to  the 
iculiar  metliods  of  the  autlior.    TJiese  theoretical 
inclusions  are  next  applied  to  the  experiments  and 
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observations  that  have  been  actually  made,  whether 
by  determining  the  length  of  the  seconds  pendu- 
lum in  different  latitudes,  or  by  the  measurement 
of  degrees.     After  a  very  full  discussion,  and  a 
comparison  of  several  different  arches,  on  each  of 
which  an  error  is  allowed,  and  this  condition  super- 
added, that  the  sum  of  the  positive  and  negative  er- 
rors shall  be  equal,  and,  at  the  same  time,  the  sum 
of  all  the  errors,  supposing  them  positive,  shall  be 
a  minimum,  Laplace  finds  that  the  result  is  not  re- 
concil  cable  with  the  hypothesis  of  an  elliptic  spheroid, 
unless  a  greater  error  be  admitted  in  some  of  the 
degrees  than  is  consistent  with  probability.   In  this 
determination,  however,  the  Lapland  degree  is  tak- 
en as  measured  by  Maupertuis,  and  the  other  aca- 
demicians who  assisted  him.     The  correction  by 
the  Swedish  mathematicians  was  not  made  when 
this  part  of  Laplace's  work  was  published.    If  that 
correction  is  attended  to,  the  result  will  come  out 
more  favourable  to  the  elliptic  theory  than  he  sup- 
poses.   There  are,  however,  even  after  that  correc- 
tion is  admitted,  considerable  deviations  from  the 
elliptic  figure,  such  as  the  attraction  of  mountains 
is  hardly  sufficient  to  explain.     The  degrees  that 
have  been  lately  measured  in  France  with  so  much 
exactness,  compared  with  one  another,  give  an  el- 
lipticity  of  about  yU^  ^^^  ^^^  ^^^  ellipticity  corre- 
sponds well  to  the  degrees  measured  in  the  trigono- 
metrical survey  of  England,  whether  of  the  meridi- 
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an,  or  the  perpendicular  to  it*  At  the  same  time, 
the  measures  in  France  compared  with  those  in 
Peru,  give  jj^  for  the  ellipticity  of  the  meridian, 
which  is  less  than  half  the  former  quantity.  The 
observations  of  the  lengths  of  the  pendulum  give 
the  same  nearly ;  so  that  this  may  be  taken  as  the 
mean  result. 

The  Fourth  Book  of  the  Mecanique  Celeste, 
treats  of  the  Tides ; — a  subject  on  which  much  new 
light  has  been  thrown  by  the  investigations  of  La- 
place. 

llie  first  satisfactory  explanation  which  was  given 
of  the  flux  and  reflux  of  the  sea,  was  that  of  New- 
ton, founded  on  the  principle  of  attraction.  The 
force  of  the  moon  acting  on  the  terrestrial  sphe- 
roid, supposing  this  last  to  be  covered  with  water, 
must  tend,  as  Newton  demonstrated,  to  diminish 
the  gravity  of  the  waters  toward  the  earth,  both  at 
the  point  where  the  moon  was  vertical,  and  at  the 
point  diametrically  opposite  ;  and  this  is  such  a  ra- 
tio, that  the  waters  would  assume  the  figure  of  an 
oblong  elliptic  spheroid,  with  its  greater  axis  direct- 
ed to  the  moon.  The  sun  must  affect  the  great 
mass  of  the  waters  in  a  similar  manner,  and  produce 
an  aqueous  spheroid,  that  at  the  time  of  new  and 
full  moon  would  coincide  with  the  former,  and 
therefore  augment  its  effect ;  while  at  the  quarters 
it  would  be  at  right  angles  to  it,  and  in  part  destroy 
that  effect. 
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The  subject,  however,  was  not  so  fully  bandied 
by  Newton,  but  that  great  room  appeared  for  im- 
provements ;  and  accordingly,  the  subject  of  the 
tides  was  proposed  as  the  prize-question  by  the 
Academy  of  Sciences  in  the  year  1740.  This  pro* 
duced  the  three  excellent  dissertations  of  Daniel 
Bernoulli,  Euler,  and  Maclaurin,  which  shared 
the  prize ;  but  shared  it,  we  must  confess,  with 
another  essay,  that  of  Father  Cavalieri,  a  Jesuit, 
who  endeavoured  to  explain  the  tides  by  the  system 
of  vortices.  It  is  the  last  time  that  the  vortices 
entered  the  lists  with  the  theoiy  of  gravitation. 

Many  excellent  dissertations  on  the  same  subject 
have  appeared  since ;  but  they  are  all  defective  in 
this,  that  they  suppose  the  waters  of  the  ocean  in  a 
state  of  equilibrium,  or  to  be  brought,  by  the  action 
of  gravitation,  toward  the  earth,  and  toward  the  two 
other  bodies  just  mentioned,  into  the  figure  of  an 
aqueous  spheroid,  where  the  particles  of  the  water, 
by  the  action  of  these  different  forces,  were  main- 
tained at  rest. 

This,  however,  is  by  means  the  case  :  the  rota* 
tion  of  the  earth  does  not  allow  time  to  this  sphe* 
roid  ever  to  be  accurately  foimed ;  and,  long  be- 
fore the  three  attractions  are  able  to  produce  their 
full  e£Pect,  they  are  changed  relatively  to  one  ano- 
ther, and  disposed  to  produce  a  different  eflfect. 
Instead,  therefore,  of  the  actual  formation  of  an 
aqueous  spheroid,  the  tendency  to  it  produces  a 
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continual  oscillation  in  the  waters  of  the  ocean, 
which  are  thus  preserved  in  perpetual  movement, 
and  never  can  attain  a  state  of  equilibrium  and  of 
rest.  To  determine  the  nature  of  these  oscilla- 
tions, however,  is  a  matter  of  extreme  difficulty, 
and  is  a  problem  which  neither  Newton,  nor  ^y  of 
the  three  geometers  who  pursued  his  track,  was 
able,  in  the  state  of  mechanical  and  mathematical 
science  which  then  existed,  to  resolve.  The  best 
thing  which  they  could  do,  was  that  which  they  ac- 
tually accomplished,  by  inquiring  into  the  nature 
of  the  spheroid,  which,  though  never  actually  at- 
tained, was  an  ideal  mean  to  which  the  real  state 
of  the  waters  made  a  periodical  and  imperfect  ap- 
proach. Neither  the  state  of  mechanical  or  ma- 
thematical science  was  such  as  could  yet  enable 
any  one  to  determine  the  motions  of  a  fluid,  acted 
on  by  the  three  gravitations  above  mentioned,  and 
having,  besides,  a  rotatory  motion.  The  nature 
of  fluids  was  not  so  well  known  as  to  admit  of  the 
differential  equations  containing  the  conditions  of 
such  motions  to  be  exhibited ;  and  mathematical 
science  was  not  so  improved  as  to  be  able  to  inte- 
grate such  equations.  The  first  man  who  felt  him- 
self in  possession  of  all  the  principles  required  to 
this  arduous  investigation,  and  who  was  bold  enough 
to  undertake  a  work,  which,  with  all  these  resour* 
ces,  could  not  fail  to  involve  much  difficulty,  was 
Laplace  ;  who,  in  the  years  1775,  I779,  and  I790, 
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communicated  to  the  Academy  of  Sciences  a  series 
of  memoirs  on  this  subject,  which  he  has  united 
and  extended  in  the  fourth  book  of  the  M^canique 
Celeste. 

Considering  each  particle  of  water  as  acted  on  by 
three  forces,  its  gravitation  to  the  earth,  to  the  sun 
and  to  the  moon,  and  also  as  impelled  by  the  rotation 
of  the  earth,  he  inquires  into  the  nature  of  the  os- 
cillations that  will  be  excited  in  the  fluid*  He 
finds,  that  the  oscillations  thus  arising  may  be  di- 
vided into  three  classes.  The  first  do  not  depend 
on  the  rotation  of  the  earth,  but  only  on  the  mo- 
tion of  the  sun  or  moon  in  their  respective  orbits, 
and  on  the  place  of  the  moon's  nodes.  These  os- 
cillations vary  periodically,  but  slowly;  so  that 
they  do  not  return  in  the  same  order,  till  after  a 
very  long  interval  of  time.  The  oscillations  of  the 
second  class,  depend  principally  on  the  rotation  of 
the  earth,  and  return  in  the  same  order,  after  the 
interval  of  a  day  nearly.  The  oscillations  of  the 
third  class,  depend  on  an  angle  that  is  double  the 
angular  rotation  of  the  earth ;  so  that  they  return 
after  the  interval  nearly  of  half  a  day.  Each  of 
these  classes  of  oscillations,  proceeds  just  as  if  the 
other  two  had  no  existence ;  a  circumstance  that 
tends  very  much  to  simplify  the  investigation  into 
their  combined  effect. 

The  oscillations  of  the  first  kind  are  proved  to 
be  almost  entirely  destroyed  by  the  resistance  which 


302  REVIEW  OF  LAPLACE, 

any  motion  of  the  whole  sea  must  necessarily  meet 
with ;  and  they  amount  nearly ^to  the  same  as  if  the 
sea  were  reduced  at  every  instant  to  an  equilibrium 
under  the  attracting  body. 

The  oscillations  of  the  second  class  inyolyCy  in 
the  expression  of  them,  the  rotation  of  the  earth  ; 
and  they  are  also  afiected  by  the  depth  of  the  sea. 
The  difference  of  the  two  tides  in  the  same  day^ 
spends  chiefly  on  these  oscillations ;  and  it  is  from 
thence  that  Laplace  determines  the  mean  depth  of 
the  sea  to  be  about  four  leagues. 

The  oscillations  of  the  third  kind,  are  calculated 
in  the  same  manner ;  and  from  the  combination  of 
all  these  circumstances,  the  height  of  the  tides  in 
different  latitudes,  in  different  situations  of  the  sun 
and  moon, — ^the  difference  between  the  consecu- 
tive tides, — the  difference  between  the  time  of  high 
water  and  the  times  when  the  sun  and  moon  come 
to  the  meridian, — all  these  circumstances  are  better 
explained  in  this  method  than  they  have  ever  been 
by  any  other  theory.  Laplace  has  instituted  a  very 
elaborate  comparison  between  his  theory  and  obser- 
vations on  the  tides,  made  during  a  succession  of 
years  at  Brest,  a  situation  remarkably  favourable  for 
such  observations. 

1.  Between  the  laws  by  which  the  tides  dimi- 
nish from  their  maximum  at  the  full  and  change, 
to  their  minimum  at  the  first  and  third  quarters, 
and  by  which  they  increase  again  from  the  mini- 
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muin  to  the  maximum,  as  deduced  from  the  obser- 
vations at  Brest,  and  as  determined  by  the  theory 
of  gravitation,  there  is  an  exact  coincidence. 

2.  According  to  theory,  the  height  of  the  tides^ 
at  their  maximum,  near  the  equinoxes,  is  to  their 
height  in  similar  circumstances  at  the  solstices^ 
nearly  as  the  square  of  the  radius  to  the  square  of 
the  cosine  of  the  declination  of  the  sun  at  the  sol- 
stice ;  and  this  is  found  to  agree  nearly  with  obser- 
vation. 

3.  The  influence  of  the  moon  on  the  tides  in- 
creases as  the  cube  of  her  parallax  ;  and  this  agrees 
so  well  with  observation,  that  the  law  might  have 
been  deduced  from  observation  alone. 

4.  The  retardation  of  the  tides  from  one  day  to 
another,  is  but  half  as  great  at  the  syzigies  as  at  the 
quadratures.  This  is  the  conclusion  from  theory ; 
and  it  agrees  well  with  observation,  which  makes 
the  daily  retardation  of  the  tide  QTJ'  in  the  one 
case,  and  55'  in  the  other. 

Many  more  examples  of  this  agreement  are  men- 
tioned ;  and  it  is  highly  satisfactory  to  find  the  ge- 
nuine results  of  the  theory  of  gravitation,  when  de- 
duced with  an  attention  to  all  the  circumstances, 
and  without  any  hypothetical  simplification  whatso-^ 
ever,  so  fully  confirmed  in  the  instance  that  is 
nearest  to  us,  and  the  most  obvious  to  our  senses. 

Laplace  has  treated  a  subject  connected  with  the 
tides,  that,  so  far  as  we  know,  has  not  been  touch- 
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ed  on  by  any  apthor  before  him.     This  is  the  sta* 
bility  of  the  equilibrium  of  the  sea.    A  fluid  sur- 
rounding a  solid  nucleus,  may  either  be  so  attract- 
ed to  that  nucleus,  that,  when  any  motion  is  com^ 
municated  to  it,  it  will  oscillate  backwards  and  for- 
wards till  its  motion  is  destroyed  by  the  resistance 
it  meets  with,  when  it  will  again  settie  into  rest ; 
or  it  may  be  in  such  a  state,  that  when  any  motion 
is  communicated  to  it,  its  vibrations  may  increase, 
and  become  of  enormous  magnitude.   Whether  the 
sea  may  not,  by  such  means,  have  risen  above  the 
tops  of  the  highest  mountains,  deserves  to  be  consi- 
dered ;  as  that  hypothesis,  were  it  found  to  be  con- 
sistent with  the  laws  of  nature,  would  serve  to  ex- 
plain many  of  the  phenomena  of  natural  history. 
Laplace,  with  this  view,  has  inquired  into  the  na- 
ture of  the  equilibrium  of  the  sea,  or  into  the  pos- 
sibility of  such  vast  undulations  being  propagated 
through  it.     The  result  is,  that  the  equilibrium  of 
the  sea  must  be  stable,  and  its  oscillations  continu- 
ally tending  to  diminish,  if  the  density  of  its  waters 
be  less  than  the  mean  density  of  the  earth ;  and 
that  its  equilibrium  does  not  admit  of  subversion, 
unless  the  mean  density  of  the  earth  was  equal  to 
that  of  water,  or  less.     As  we  know,  from  the  ex- 
periments made  on  the  attraction  of  mountains,  as 
well  as  from  other  facts,  that  the  sea  is  more  than 
four  times  less  dense  than  the  materials  which  com- 
pose the  solid  nucleus  of  the  globe  are  at  a  me^ 
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dium,  the  possibility  of  these  great  undulations  is 
entirely  excluded  ;  and  therefore,  says  Laplace,  if, 
as  cannot  well  be  questioned,  the  sea  has  formerly 
covered  continents  that  are  now  much  elevated 
above  its  level,  the  cause  must  be  sought  for  else- 
where than  in  the  instability  of  its  equilibrium. 

With  the  questions  of  the  figure  of  the  earth, 
and  of  the  flux  and  reflux  of  the  sea,  that  of  the 
precession  of  the  equinoxes  is  closely  connected ; 
and  Laplace  has  devoted  his  fifth  book  to  the  con- 
sideration of  it.  This  motion,  though  slow,  being 
always  in  the  same  direction,  and  therefore  conti- 
nually accumulating,  had  early  been  remarked,  and 
was  the  first  of  the  celestial  appearances  that  sug- 
gested the  idea  of  an  annus  magntts,  one  of  those 
great  astronomical  periods  by  which  so  many  days 
and  years  are  circumscribed.  As  it  affects  the  whole 
heavens,  and  as  the  changes  it  produces  are  spread 
out  over  the  vast  extent  of  25,000  years,  it  has 
proved  a  valuable  guide  amid  the  darkness  of  anti- 
quity, and  has  enabled  the  astronomer  to  steer  his 
course  with  tolerable  certainty,  and  here  and  there 
to  discover  a  truth  in  the  midst  of  the  traditions 
and  fables  of  the  heroic  ages. 

Newton  was  the  first  who  turned  his  thoughts  to 
the  physical  cause  of  this  appearance ;  and  it  re- 
quired all  the  sagacity  and  penetration  of  that  great 
man  to  discover  this  cause  in  the  principle  of  uni- 
versal gravitation.     The  effect  of  the  forces  of  tlie 
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nu  and  mooo  on  that  eiceas  of  matter  which  aur* 
nmnda  the  earth  at  the  equator,  musty  as  he  has 
profed,  produce  a  alow  angular  motion  in  the  phme 
of  the  latter,  and  in  a  direction  contrwy  to  that  of 
the  earth's  rotation.  The  accurate  analysis  of  the 
complicated  effixA  that  was  thus  produced,  was  a 
work  that  surpassed  the  power,  dther  of  geometry 
or  mechanics,  at  the  time  when  Newton  wrote ; 
and  his  investigation,  acccnrdingly,  was  founded  on 
assumptions  that,  though  not  destitute  of  probabi- 
lity, could  not  be  shown  to.  be  perfectiy  conforma- 
ble to  truth  $  and  it  even  involved  a  mechanical 
principle,  whidi  was  taken  up  without  due  consi- 
denition.  Nevertheless,  the  glory  of  having  been 
first  in  the  career,  is  not  tarnished  by  a  partial  fiul- 
ure,  and  is  a  possession  which  the  justice  of  poste^ 
rity  does  not  sufier  Newton  to  share  even  with 
those  who  have  since  been  more  successful  in  their 
researches. 

The  first  of  these  was  D'Alembert.  That  ex- 
cellent mathematician  gave  a  solution  of  this  pro* 
blem  that  has  never  been  surpassed  for  accuracy 
and  depth  of  reasoning,  though  it  may  have  been, 
for  simplicity  and  shortness.  He  employed  the 
j^inciple  already  ascribed  to  him  of  the  equilibrium 
among  the  foroes  destroyed  when  any  change  of 
motion  is  produced ;  and  it  was  by  means  of  the 
equations  that  this  proposition  furnished,  that  he 
was  enabled  to  proceed  without  the  introduction  of 
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hjrpothesis.     Solutions  of  the  same  problem  have 
since  been  given  by  several  mathematicians,  bj 
Thomas  Simpson,  Frisi,  Walmsley,  &c.  and  manj 
others ;    not,  however,   without   some  difference 
(such  as  the  difficulty  of  the  investigation)  in  the 
results  they  have  obtained.     Laplace  has  gone  over 
the  same  ground,  more  that  he  might  give  unity 
and  completeness  to  his  work,  than  that  he  could 
expect  to  add  much  to  the  solution  of  D' Alembert* 
As  he  has  proceeded  in  a  more  general  manner 
than  the  latter,  he  has  obtained  some  conclusions 
not  included  in  this  solution.     He  has  shown,  that 
the  phenomena  of  the  precession  and  nutation  must 
be  the  same  in  the  actual  state  of  our  ten'aqueous 
spheroid,  as  if  the  whole  was  a  solid  mass ;  and 
that  this  is  true,  whatever  be  the  irregularity  of  the 
depth  of  the  sea.     He  shows  also,  that  currents  in 
the  sea,  rivers,  trade-winds,  even  earthquakes,  can 
have  no  effect  in  altering  the  earth's  rotation  on  its 
axis.     The  conclusions  with  regard  to  the  consti- 
tution of  the  earth  that  are  found  to  agree  with 
the  actual  quantity  of  the  precession  of  the  equi- 
noxes are,  that  the  density  of  the  earth  increases 
from  the  circumference  toward  the  centre  ;  that  it 
has  the  form  of  an  ellipsoid  of  revolution,  or,  as  we 
use  to  call  it,  of  an  elliptic  spheroid ;  and  that  the 
compression  of  this  spheroid  at  the  poles  is  between 
the  limits  of  ^^  and  jf^  part  of  the  radius  of  the 
equator. 

The  second  part  of  L^plaoe's  work  has  for  its 
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object,  a  fuller  developement  of  the  disturbances  of 
the  planets,  both  primary  and  secondary,  than  was 
compatible  with  the  limits  of  the  first  part.  After 
the  ample  detail  into  which  we  have  entered  con- 
cerning two  of  thesd  subjects,  the  theory  of  the 
moon,  and  the  perturbations  of  the  primary  planets, 
we  need  not  enlarge  on  them  further,  though  they 
are  prosecuted  in  the  second  part  of  this  woric, 
and  form  the  subject  of  the  sixth  and  seventh 
books.  In  the  second  book,  the  inequalities  had 
been  explained,  that  depend  on  the  simple  power 
of  the  eccentricity :  here  we  have  those  that  de- 
pend on  the  second  and  higher  powers  of  the  same 
quantity ;  and  such  are  the  secular  equations  of 
Jupiter  and  Saturn,  above  mentioned.  The  nu- 
meral  computations  are  then  performed,  and  every 
thing  prepared  for  the  complete  construction  of 
astronomical  tables,  as  the  final  result  of  all  these 
investigations.  The  calculations,  of  course,  are  oi 
vast  extent  and  difficulty,  and  incredibly  laborious. 
In  carrying  them  on,  Laplace  had  the  assistance, 
as  he  informs  us,  of  Delauibre,  Bouvard,  and  other 
members  of  the  Institute.  Tlie  labour  is,  indeed, 
quite  beyond  the  power  of  any  individual  to  execute. 
The  same  may  be  said  of  the  seventh  book, 
which  is  devoted  to  a  similar  developement  of  the 
lunar  theory.  We  can  enter  into  no  further  de- 
tail on  this  subject.  One  fact  we  cannot  help 
mentioning,  which  is  to  the  credit  of  two  British 
ustronomers,  Messrs  Mason  and  Dixon,  who  gave 
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a  new  edition  of  Mayer's  tables^  more  diligently 
compared  with  observation,  and  therefore  more  ac» 
curate,  than  the  original  one.     Among  other  im- 
provements, was  an  empirical  equation,  amounting 
to  a  little  more  than  2(/^  when  a  maximum,  which 
was  not  founded  on  theory,  but  was  employed  be- 
cause it  made  the  tables  agree  better  with  observa- 
tion.    As  this  equation,  however,  was  not  derived 
from  principle  (for  the  two  astronomers  just  named, 
though  accurate  observers  and  calculators,    were 
not  skilled  enough  in  the  mathematics,  to  attempt 
deducing  it  from  principle)  it  was  generally  re-* 
jected  by  other  astronomers.     Laplace,  however^ 
found  that  it  was  not  to  .be  rejected  ;  but,  in  reali- 
ty, proceeded  from  the  compression  of  the  earth  at 
the  poles,  which  prevents  the  gravitation  to  the 
earth  from  decreasing,  precisely  as  the  squares  of 
the  distances  increase,  and  by  that  means  produces 
this  small  irregularity.     The  quantity  of  the  polar 
compression  that  agrees  best  witli  this,  and  some 
other  of  the  lunar  irregularities,  is  nearly  that 
which  was  stated  above,  ~  of  the  mean  radius  of 
the  earth.     The  ellipticity  of  the  sun  does,  in  like 
manner,  affect  the  primary  planets ;  but,  as  its  in- 
fluence diminishes  fast  as  the  distance  increases,  it 
extends  no  further  (in  any  sensible  degree)  than 
the  orbit  of  Mercury,  where  its  only  e£^t  is  to 
produce  a  very  small  direct  movement  of  the  line 
of  the  apsides,  and  an  equal  retrograde  motion  of 
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the  nodesy  relatively  to  the  sun's  equator.  We 
may  judge  from  this,  to  what  minuteness  the  re- 
searches of  this  author  have  extended :  and,  in  ge- 
neral, when  accuracy  is  the  object  to  be  obtained, 
the  nnaller  the  quantity  to  be  determined,  the 
more  difficult  the  investigation. 

The  ei^th  book  has  for  its  object,  to  calculate 
the  disturbances  produced  by  the  action  of  the  se- 
condary planets  on  one  another  ;  and  particularly 
refers  to  the  satellites  of  Jupiter,  the  only  system 
of  secondary  planets  on  which  accurate  observations 
have  been,  or,  probably,  can  be  made.  Though 
these  satellites  have  been  known  only  since  the 
invention  of  the  telescope,  yet  the  quickness  of 
their  revolutions  has,  in  the  space  of  two  centuries, 
exhibited  all  the  changes  which  time  developes  so 
slowly  in  the  system  of  the  primary  planets  i  so 
that  there  are  abundant  materials  for  a  comparison 
between  fact  and  theory.  The  general  principles  of 
the  theory  are  the  same  that  were  explained  in  the 
second  book  ;  but  there  are  some  peculiarities,  that 
arise  from  the  constitution  of  Jupiter's  system,  that 
deserve  to  be  considered.  We  have  seen  above, 
what  is  the  effect  of  commensurability,  or  an  ap- 
proach to  it,  in  the  mean  motion  of  contiguous 
planets  ;  and  here  we  have  another  example  of  the 
same.  The  mean  motions  of  the  three  first  satel« 
lites  of  Jupiter,  are  nearly  as  the  numbers  4,  2, 
and  1  ;  and  hence  a  periodical  system  of  inequali- 
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ttesy  which  our  astronomer  Bradley  was  sharp- 
sighted  enough  to  discover  in  the  observation  of 
the  eclipses  of  these  satellites,  and  to  state  as 
amounting  to  487*6  days.  This  is  now  fully  ex- 
plained from  the  theory  of  the  action  of  the  sa^ 
tellites. 

Another  singularity  in  this  secondary  system,  is, 
that  the  mean  longitude  of  the  first  satellite  mkitis 
three  times  that  of  the  second,  phiS  twice  that  of 
the  third,  never  differs  from  two  right  angles,  but 
by  a  quantity  almost  insensible. 

One  can  hardly  suppose  that  the  original  mo- 
tions were  so  adjusted,  as  to  answer  exactly  to  this 
condition  ;  it  is  more  natural  to  suppose  that  they 
were  only  nearly  so  adjusted,  and  that  the  exact 
coincidence  has  been  brought  about  by  their  mu- 
tual action.  This  conjecture  is  verified  by  the 
theory,  where  it  is  demonstrated  that  such  a  change 
might  have  been  actually  produced  in  the  mean 
motion  by  the  mutual  action  of  those  planetary 
bodies,  afler  which  the  system  would  remain  staUe, 
and  no  further  change  in  those  motions  woidd 
take  place. 

t  Not  only  are  the  mutual  actions  of  the  satellites 
taken  into  account  in  the  estimate  of  their  irregu- 
larities, but  the  effect  of  Jupiter's  spheroidal  figure 
is  also  introduced.  Even  the  masses  of  the  satel- 
lites are  inferred  from  their  effect  in  disturbing  the 
motions  of  one  another. 
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In  the  ninth  book  Laplace  treats  of  Comets,  of 
the  methods  of  determining  their  orbits,  and  of 
ttie  disturbances  they  suffer  from  the  planets. 
We  cannot  follow  him  in  this;  and  have  only  to 
add,  that  his  profound  and  elaborate  researches  are 
such  as  we  might  expect  from  the  author  of  the 
preceding  investigations. 

The  tenth  book  is  more  miscellaneous  than  any 
of  the  preceding ;  it  treats  of  di£ferent  points  rela- 
tive to  the  system  of  the  world.  One  of  the  most 
important  of  these  is  astronomical  refiraction.  The 
rays  of  light  from  the  celestial  bodies,  on  entering 
the  earth's  atmosphere,  meet  with  strata  that  are 
more  dense  the  nearer  they  approach  to  the  earth's 
surface ;  they  are,  therefore,  bent  continually  to- 
ward the  denser  medium,  and  describe  (nirves  that 
h^ve  their  concavity  turned  toward  the  earth.  The 
angle  formed  by  the  original  direction  of  the  ray, 
and  its  direction  at  the  point  where  it  enters  the 
eye,  is  called  the  astronomical  refraction.  Laplace 
seeks  to  deteimine  this  angle  by  tracing  the  path 
of  the  ray  through  the  atmosphere  ;  a  research  of 
no  inconsiderable  difficulty,  and  in  which  the 
author  has  occasion  to  display  his  skill  both  ia 
mathematical  and  in  inductive  investigation.  The 
method  he  pursues  in  the  latter,  is  deserving  of  at- 
tention, as  it  is  particularly  well  adapted  to  cases 
that  occur  often  in  the  more  intricate  kinds  of  phy- 
sical discussion. 

4 
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The  path  of  the  ray  would  be  determined  from 
the  laws  of  refraction,  did  we  know  the  law  by 
which  the  density  of  the  air  decreases  from  the 
earth  upwards.  This  last,  however,  is  not  known, 
except  for  a  small  extent  near  the  surface  of  the 
earth,  so  that  we  appear  here  to  be  left;  without 
sufficient  data  for  continuing  the  investi«^ation. 
We  must,  therefore,  either  abandon  the  problem 
altogether,  or  resolve  it  hypothetically,  that  is,  by 
assuming  some  hypothesis  as  to  the  decrease  of  the 
density  of  the  atmosphere.  Little  would  be  gain- 
ed by  this  last,  except  as  an  exercise  in  mathema- 
tical investigation,  if  it  were  not  that  the  total 
quantity  of  the  refraction  for  a  given  altitude  can 
be  accurately  determined  by  observation.  Laplace* 
availing  himself  of  this  consideration,  begins  with 
making  a  supposition  concerning  the  law  of  the 
density,  that  is  not  very  remote  from  the  truth, 
(as  we  are  assured  of  from  the  relation  between  the 
density  of  air  and  the  force  with  which  it  is  com- 
pressed ;)  and  he  compares  the  horizontal  refrac- 
tion, calculated  on  this  assumption,  with  that 
which  is  known  to  be  its  true  quantity.  The  first 
hypothesis  which  he  assumes,  is  that  of  the  density 
being  the  same  throughout :  this  gives  the  total 
refraction  too  small,  and  falls  on  that  account  to  be 
rejected,  even  if  it  were  liable  to  no  other  objec« 
tion.  The  second  hypothesis  supposes  a  uniform 
temperature  through  the  whole  extent  of  the  at- 
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mosphere,  or  it  supposes  that  the  density  decreases 
m  geometrical  proportion,  while  the  distance  from 
the  earth  increases  in  arithmetical.  The  lefrae- 
tton  which  results  is  too  great,  so  that  this  suppos!* 
tion  must  also  be  rejected. 

If  we  now  suppose  the  dennty  of  the  air  to  de* 
crease  in  arithmetical  progression,  while  the  height 
does  the  same,  and  int^rate  the  differential  equa- 
tion to  the  curve  described  by  the  ray ;  on  this  hy- 
pothesis, the  horizontal  refraction  is  too  small,  but 
nearer  the  truth  than  on  the  first  hypothesis.     A 
supposition  intermediate  between  that  -which  gave 
the  refraction  too  great,  and  this  which  gives  it  too 
small,  is  therefore  to  be  assumed  as  that  which  ap- 
proaches the  nearest  to  the  truth.  It  is  this  way  of 
limiting  his  conjectures  by  repeated  trials,  and  of 
extracting  from  each,  by  means  of  the  calculus,  all 
the  consequences  involved  in  it,  that  we  would  re- 
commend to  experimenters,  as  affording  one  of  the 
most  valuable  and  legitimate  uses  of  hypothetical 
reasoning.     He  then  employs  an  intermediate  hy- 
pothesis for  the  diminution  of  the  density  of  the 
air ;  which  it  is  not  easy  to  express  in  words  ;  but 
from  which  he  obtains  a  result  that  agrees  with  the 
horizontal  refraction,  and  from  which,  of  course, 
he  proceeds  to  deduce  the  refraction  for  all  other 
altitudes.     The  table,  so  constructed,  we  have  no 
doubt,  will  be  found  to  contribute  materially  to  the 
accuracy  of  astronomical  observation. 
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The  researches  which  immediately  follow  this, 
relate  to  the  terrestrial  refraction,  and  the  measure- 
ment of  heights  by  the  barometer.  The  formula 
given  for  the  latter,  is  more  complicated  than  that 
which  is  usually  employed  with  us  in  Britain, 
where  this  subject  has  been  studied  with  great  care. 
In  one  respect,  it  is  more  general  than  any  of  our 
formulas ;  it  contains  an  allowance  for  the  dif- 
ference of  latitude.  We  are  not  sure  whether  this 
correction  is  of  much  importance,  nor  have  we  had 
leisure  to  compare  the  results  with  those  of  Gene- 
ral Roy  and  Sir  George  Shuckborough.  We 
hardly  believe,  that,  in  point  of  accuracy,  the  two 
last  can  easily  be  exceeded. 

The  book  concludes  with  a  determination  of  the 
masses  of  the  planets,  more  accurate  than  had  been 
before  given ;  and  even  of  the  satellites  of  Jupiter. 
**  Of  all  the  attempts  of  the  Newtonian  philosophy,** 
says  the  late  Adam  Smith  in  his  History  of  Astro- 
nomy, **  that  which  would  appear  to  be  the  most  »- 
hove  the  reach  of  human  reason  and  experience,  is 
the  attempt  to  compute  the  weights  and  densities 
of  the  sun,  and  of  the  several  planets."  What 
would  this  philosopher  have  said,  if  he  had  lived  to 
see  the  same  balance  in  which  the  vast  body  of  the 
sun  had  been  weighed,  applied  to  examine  such 
minute  atoms  as  the  satellites  of  Jupiter  ? 

Such  is  the  work  of  Laplace,  affording  an  ex- 
ample, which  is  yet  solitary  in  the  history  of  hu- 
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roan  knowledge,  of  a  theory  cntirelj  complete ; 
one  that  has  not  only  accounted  for  all  the  pheno- 
mena that  were  known,  but  that  has  discovered 
many  before  unknown,  which  observation  has  since 
jnecc^ized*     In  this  theory,  not  only  the  elliptkr 
motion  of  the  planets,  relatively  to  the  sun,  but  the 
irregularities   produced  by  their  mutual  action, 
whether  of  the  primary  on  the  primary,  of  the  pri<> 
mary  on  the  secondary,  or  of  the  secondary  on  one 
another,  are  all  deduced  from  the  principle  of  gnu 
vitation,  that  mysterious  power,  which  unites  the 
most  distant  regions  of  space,  and  the  most  remote 
periods  of  duration.     To  this  we  must  add  the 
great  truths  brought  in  view  and  fully  demonstrat- 
ed, by  tracing  the  action  of  the  same  power  through 
all  its  mazes  : — That  all  the  inequalities  in  our 
system  are  periodical ;  that,  by  a  fixed  appointment 
in  nature,  they  are  each  destined  to  revolve  in  the 
same  order,  and  between  the  same  limits ;  that  the 
mean  distances  of  the  planets  from  the  sun,  and 
the  time  of  their  revolutions  round  that  body,  are 
susceptible  of  no   change  whatsoever ;    that  our 
system  is  thus  secured  against  natural  decay, — or- 
der and  regularity  preserved  in  the  midst  of  so 
many  disturbing  causes,^-and  anarchy  and  misrule 
eternally  proscribed. 

The  work  where  this  sublime  picture  is  deli- 
neated, does  honour,  not  to  the  author  only,  but 
to  the  human  race ;  and  marks,  undoubtedly,  the 
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highest  point  to  which  man  has  yet  ascended  in  the 
scale  of  intellectual  attainment.  The  glory,  there- 
fore, of  having  produced  this  work,  belongs,  not  to 
the  author  alone,  but  must  be  shared,  in  various 
proportions,  among  the  philosophers  and  mathema- 
ticians of  all  ages.  Their  efforts,  from  the  age  of 
Euclid  and  Archimedes,  to  the  time  of  Newton  and 
Laplace,  have  all  been  required  to  the  accomplish- 
ment of  this  great  object ;  they  have  been  all  ne- 
cessary to  form  one  man  for  the  author,  and  a  few 
for  the  readers,  of  the  work  before  us.  Every  ma- 
thematician who  has  extended  the  bounds  of  his 
science;  every  astronomer  who  has  added  to  the 
number  of  facts,  and  the  accuracy  of  observation  ; 
every  artist  who  has  improved  the  construction  of 
the  instruments  of  astronomy — all  have  co-operated 
in  preparing  a  state  of  knowledge  in  which  such  a 
book  could  exist,  and  in  which  its  merit  could  be 
appreciated.  They  have  collected  the  materials, 
sharpened  the  tools,  or  constructed  the  engines  em- 
ployed in  the  great  edifice,  founded  by  Newton, 
and  completed  by  Laplace. 

In  this  estimate  we  detract  nothing  from  the 
merit  of  the  author  himself;  his  originality,  his  in- 
vention, and  comprehensive  views,  are*  above  all 
praise  ;  nor  can  any  man  boast  of  a  higher  honour 
than  that  the  genius  of  the  human  race  is  the  only 
rival  of  his  fame. 

This  review  naturally  gives  rise  to  a  great  varie- 
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tf  of  reflections.     We  shall  state  only  one  or  two 
of  those  that  most  obviously  occur. 

When  we  consider  the  provision  nuide  by  nature 
finr  the  stability  and  permanence  of  the  ^anetary 
system,  a  question  arises,  which  was  before  hinted 
at,— whether  is  this  stability  necessary  or  contin- 
gent, the  effect  of  an  unavoidable  or  an  arbitrary 
arrangement  ? — If  it  is  the  necessary  consequence 
of  conditions  which  are  themselves  necessary,  we 
cannot  infer  from  them  the  existence  of  design, 
but  must  content  ourselves  with  admiring  them  as 
simple  and  beautiful  truths,  having  a  necessary  and 
independent  existence*  If,  on  the  other  hand,  the 
conditions  from  which  this  stability  arises  necessari- 
ly, are  not  necessary  themselves,  but  the  conse- 
quences of  an  arrangement  that  might  have  been 
different,  we  are  then  entitled  to  conclude,  that  it 
is  the  effect  of  wise  design  exercised  in  the  con- 
struction of  the  universe. 

Now,  the  investigations  of  Laplace  enable  us  to 
give  a  very  satisfactory  reply  to  these  questions ; 
viz.  that  the  conditions  essential  to  the  stability  of 
a  system  of  bodies  gravitating  mutually  to  one 
another,  are  by  no  means  necessary,  insomuch  that 
systems  can  easily  be  supposed  in  which  no  such 
stability  exists.  The  conditions  essential  to  it,  are 
the  movement  of  the  bodies  all  in  one  direction— 
their  having  orbits  of  small  eccentricity,  or  not  far 
di&rent  from  cireles— and  having  periods  of  revo- 
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lution  not  commensurable  with  one  another.  Now« 
these  conditions  are  not  necessary  ;  they  may  easi- 
ly be  supposed  different ;  any  of  them  might  be 
changed,  while  the  others  remained  the  same. 
The  appointment  of  such  conditions  therefore  as 
would  necessarily  give  a  stable  and  permanent 
character  to  the  system,  is  not  the  work  of  neces- 
sity ;  and  no  one  will  be  so  absurd  as  to  argue, 
that  it  is  the  work  of  chance  :  It  is  therefore  the 
work  of  design,  or  of  intention,  conducted  by  wis- 
dom and  foresight  of  the  mojst  perfect  kind.  Thus 
the  discoveries  of  Lagrange  and  Laplace  lead  to  a 
very  beautiful  extension  of  the  doctrine  oi  Jinal 
causeSy  the  more  interesting  the  greater  the  ob- 
jects are  to  which  they  relate.  This  is  not  taken 
notice  of  by  Laplace ;  and  that  it  is  not,  is  the  only 
Uemish  we  have  to  remark  in  his  admirable  work. 
He  may  have  thought  that  it  was  going  out  of  his 
proper  province,  for  a  geometer  or  a  mechanician 
to  occupy  himself  in  such  speculations.  Perhaps, 
in  strictness,  it  is  so  j  but  the  digression  is  natural : 
and  when,  in  any  system,  we  find  certain  condi- 
tions established  that  are  not  necessary  in  them- 
selves, we  may  be  indulged  so  far  as  to  inquire, 
whether  any  explanation  of  them  can  be  given, 
and  whether,  if  not  referable  to  a  mechanical  cause, 
they  may  not  be  ascribed  to  intelligence. 

When  we  mention,  that  the  small  eccentricity  of 
the  planetary  orbits,  and  the  motion  of  the  planets 
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in  the  same  direction,  are  essential  to  the  stability 
of  the  system,  it  may  naturally  occur,  that  the  co- 
mets, which  obey  neither  of  these  laws  in  their 
motion,  may  be  supposed  to  affect  that  stability, 
and  to  occasion  irregularities  which  will  not  com- 
pensate one  another.  This  would,  no  doubt,  be 
the  effect  of  the  comets  that  pass  through  our  sys- 
tem, were  they  bodies  of  great  mass,  or  of  great 
quantity  of  matter.  There  are  many  reasons,  how- 
ever, for  supposing  them  to  have  very  little  density  ; 
so  that  their  effect  in  producing  any  disturbance  of 
the  planets  is  wholly  inconsiderable. 

An  observation  somewhat  of  the  same  kind  is 
applicable  to  the  planets  lately  discovered.  They 
are  very  small ;  and  therefore  the  effect  they  can 
have  in  disturbing  the  motions  of  the  larger  planets 
is  so  inconsiderable,  that,  had  they  been  known  to 
Laplace,  (Ceres  only  was  known,)  they  could  have 
given  rise  to  no  change  in  his  conclusions.  The 
circumstance  of  two  of  these  planets  having  nearly, 
if  n^t  accurately,  the  same  periodic  time,  and  the 
siune  mean  distance,  may  give  rise  to  some  curious 
applications  of  his  theorems.  Both  these  planets 
may  be  considerably  disturbed  by  Jupiter,  and  per- 
haps by  Mars. 

Another  reflection,  of  a  very  different  kind  from 
the  preceding,  must  present  itself,  when  we  consi- 
der the  historical  details  concerning  the  progress  of 
physical  astronomy  that  have  occurred  in  the  fore- 
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going  pages.    In  the  list  of  the  mathematicians  and 
philosophers,  to  whom  that  science,  for  the  last 
sixty  or  seventy  years,  has  been  indebted  for  its 
improvements,  hardly  a  name  from  Great  Britain 
falls  to  be  mentioned.    What  is  the  reason  of  this  ? 
and  how  comes  it,  when  such  objects  were  in  view, 
and  when  so  much  reputation  was  to  be  gained, 
that  the  country  of  Bacon  and  Newton  looked 
silently  on,  without  taking  any  share  in  so  noble 
a  contest?    In  the  short  view  given  above,  we 
have  hardly  mentioned  any  but  the  five  principal 
performers ;   but  we  might  have  quoted  several 
others,  Fontaine,  Lambert,  Frisi,  Condorcet,  Bail- 
ly,  &c.  who  contributed  their  share  to  bring  about 
the  conclusion  of  the  piece.     In  the  list,  even  so 
extended,  there  is  no  British  name.     It  is  true, 
indeed,  that  before  the  period  to  which  we  now  re- 
fer, Maclaurin  had  pointed  out  an  improvement  in 
the  method  of  treating  central  forces,  that  has  been 
of  great  use  in  all  the  investigations  that  have  a  re- 
ference to  that  subject.    This  was  the  resolution  of 
the  forces  into  others  parallel  to  two  or  to  three 
axes  given  in  position  and  at  right  angles  to  one 
another.     In  the  controversy  that  arose  about  the 
motion  of  the  apsides  in  consequence  of  Clairaut's 
deducing  from  theory  only  half  the  quantity  that  ob- 
servation had  established,  as  already  stated,  Simpson 
and  Walmsley  took  a  part ;  and  their  essays  are  al« 
lowed  to  have  great  merit.     The  late  Dr  Matthew 
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Stewart  also  treated  the  same  subject  with  singular 
skill  and  success,  in  his  Essay  on  the  Sun's  Dis- 
tance.   The  same  excellent  geometer,  in  his  Phy- 
sical Tracts,  has  laid  down  several  propositions  that 
had  for  their  object  the  determination  of  the  Moim's 
irregularities.  His  demonstrations,  however,  are  all 
geometrical ;  and  leave  us  to  r^ret,  that  a  mathema- 
tician of  so  much  originality  preferred  the  elegant 
mediods  of  the  ancient  geometry  to  the  more  pow- 
erful analysis  of  modern  algebra.     Beside  these,  we 
recollect  no  other  names  of  our  countrymen  dis- 
tinguished in  the  researclKS  of  physical  astronomy 
during  this  period ;  and  of  these  none  made  any 
attempt  toward  the  solution  of  the  great  problems 
that  then  occupied  the  philosophers  and  mathema- 
ticians of  the  Continent.     This  is  the  more  re- 
markable, that  the   interests  of  navigation  were 
deeply  involved  in  the  question  of  the  lunar  theory ; 
so  that  no  motive,  which  a  r^ard  to  reputation  or 
to  interest  could  create,  was  wanting  to  engage  the 
mathematicians  of  En^and  in  the  inquiry.     No- 
thing, therefore,  certainly  prevented  them  from 
engaging  in  it,   but  consciousness  that,  in  the 
knowledge  of  the  higher  geometry,  they  were  not 
on  a  footing  with  their  brethren  on  the  Continent. 
This  is  the  conclusion  which  unavoidably  forces  it- 
self upon  us,  and  which  will  be  but  too  well  con- 
firmed by  looking  back  to  the  particulars  which  we 
stated  in  the  beginning  of  this  review,  as  either  es- 
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sential  or  highly  conducive  to  the  improvements  in 
physical  astronomy. 

The  calculus  of  the  sines  was  not  known  in 
England  till  within  these  few  years.  Of  the  method 
of  partial  differences^  no  mention,  we  beUeve,  is  yet 
to  be  found  in  any  English  author,  much  less  the 
application  of  it  to  any  investigation.  The  general 
methods  of  integrating  differential  or  fluxionary 
equations,  the  criterion  of  integrability,  the  proper- 
ties of  homogeneous  equations,  &c.  were  all  of  them 
unknown  ;  and  it  could  hardly  be  said,  that,  in  the 
more  difficult  parts  of  the  doctrine  of  Fluxions,  any 
improvement  had  been  made  beyond  those  of  the  in- 
ventor. At  the  moment  when  we  now  write,  the  trea^ 
tises  of  Maclaurin  and  Simpson,  ai*e  the  best  which 
we  have  on  the  fluxionary  calculus,  though  such  a 
vast  multitude  of  improvements  have  been  made  by 
the  foreign  mathematicians,  since  the  time  of  their 
first  publication.  These  are  facts,  which  it  is  impos- 
sible'to  disguise  ;  and  they  are  of  such  extent,  that 
a  man  may  be  perfectly  acquainted  with  every  thing 
on  mathematical  learning  that  has  been  written  in 
this  country,  and  may  yet  find  himself  stopped  at 
the  first  page  of  the  works  of  Euler  or  D' Alembert* 
He  will  be  stopped,  not  from  the  difference  of  the 
fluxionary  notation,  (a  difficulty  easily  overcome,) 
nor  from  the  obscurity  of  these  authors,  who  are 
both  very  clear  writers,  especially  the  first  of  them, 
but  from  want  of  knowing  the  principles  and  the 
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methodfl  which  thqr  take  for  granted  as  known  to 
every  mathematical  reader.  If  we  come  to  works 
of  still  greater  difficulty,  such  as  the  M^canique 
Celeste,  we  will  venture  to  say,  that  the  number  of 
those  in  this  island,  who  can  read  that  worii:  with 
any  tolerable  facility,  is  small  indeed.  If  we  reckon 
two  or  three  in  London,  and  the  military  schook  in 
its  vicinity,  the  same  number  at  each  of  the  two 
English  Universities,  and  perhqw  four  in  Scotland, 
we  shall  not  hardly  exceed  a  dosen  ;  and  yet  we 
are  fully  persuaded  that  our  reckoning  is  beyond 
the  truth. 

•  K  any  further  proof  of  our  inattention  to  the 
higher  mathematics,  and  our  unconcern  about  the 
discoveries  of  our  neighbours  were  required,  we 
would  find  it  in  the  commentary  on  the  works  of 
Newton,  that  so  lately  appeared.  Though  that 
commentary  was  the  work  of  a  man  of  talents,  and 
one  who,  in  this  country,  was  accounted  a  geome- 
ter, it  contains  no  information  about  the  recent  dis* 
coveries  to  which  the  Newtonian  system  has  given 
rise ;  not  a  word  of  the  problem  of  the  Three 
Bodies,  of  the  disturbances  of  the  planetary  mo- 
tions, or  of  the  great  contrivance  by  which  these 
disturbances  are  rendered  periodical,  and  the  regu- 
larity of  the  system  preserved.  The  same  silence 
is  observed  as  to  all  the  improvements  in  the  in- 
t^ral  calculus,  virhich  it  was  the  duty  of  a  commen- 
tator on  Newton  to  have  traced  to  their  origin,  and 
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to  have  connected  with  the  discoveries  of  hb  mas- 
ten  If  Dr  Horsley  has  not  done  so,  it  could  only 
be  because  he  was  unacquainted  with  these  im- 
provements, and  had  never  studied  the  methods  by 
which  they  have  been  investigated,  or  the  language 
in  which  they  are  explained. 

At  the  same  time  that  we  state  these  facts  as  in- 
controvertible proofs  of  the  inferiority  of  the  Eng- 
lish mathematicians  to  those  of  the  Continent,  in 
the  higher  department ;  it  is  but  fair  to  acknow- 
ledge, that  a  certain  degree  of  mathematical  science, 
and  indeed  no  inconsiderable  degree,  is  perhaps 
more  widely  difiused  in  England,  than  in  any  other 
country  of  the  world.  The  Ladies'  Diary,  with 
several  other  periodical  and  popular  publications  of 
the  same  kind,  are  the  best  proofs  of  this  assertion. 
In  these,  many  curious  problems,  not  of  the  highest 
order  indeed,  but  still  having  a  considerable  degree 
of  difficulty,  and  far  beyond  the  mere  elements  of 
science,  are  often  to  be  met  with ;  and  the  great 
number  of  ingenious  men  who  take  a  share  in  pro- 
posing and  answering  these  questions,  whom  one 
has  never  heard  of  any  where  else,  is  not  a  little 
surprising.  Nothing  of  the  same  kind,  we  believe, 
is  to  be  found  in  any  other  country.  The  Ladies^ 
Diary  has  now  been  continued  for  more  than  a 
century  ;  the  poetry,  enigmas,  &c.  which  it  con* 
tains,  are  in  the  worst  taste  possible ;  and  the 
scraps  of  literature  and  philosophy  are  so  childish 
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or  80  old-fashioned,  that  one  is  very  much  at  a  loss 
to  form  a  notion  of  the  chiss  of  readers  to  whom 
they  are  addressed.  The  geometrical  part,  how- 
ever, has  always  been  conducted  in  a  superior  style ; 
&»e  problems  proposed  have  tended  to  awaken  cu* 
riosity,  and  the  solutions  to  convey  instruction  in  a 
much  better  manner  than  is  always  to  be  found  in 
more  splendid  publications.  If  there  is  a  decline, 
therefore,  or  a  deficiency  in  mathematical  know- 
ledge in  this  country,  it  is  not  to  the  genius  of  the 
people,  but  to  some  other  cause,  that  it  must  be  at- 
tributed. 

An  attachment  to  the  synthetical  methods  of  the 
old  geometers,  in  preference  to  those  that  are  pure- 
ly analytical,  has  often  been  assigned  as  the  cause 
of  this  inferiority  of  the  English  mathematicians 
since  the  time  t)f  Newton.  This  cause  is  hinted  at 
by  several  foreign  writers,  and  we  must  say  that  we 
think  it  has  had  no  inconsiderable  effect.  The  ex- 
ample of  Newton  himself  may  have  been  hurtful  in 
this  respect.  That  great  man,  influenced  by  the 
prejudices  of  the  times,  seems  to  have  thought  that 
algebra  and  fluxions  might  be  very  properly  used 
in  the  investigation  of  truth,  but  that  they  were  to 
be  laid  aside  when  truth  was  to  be  communicated, 
and  synthetical  demonstrations,  if  possible,  substi> 
tuted  in  their  room.  This  was  to  embarrass  scien  - 
tific  method  with  a  clumsy  and  ponderous  appara- 
tus, and  to  render  its  progress  indirect  and  slow  in 
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an  incalculable  degree.  The  controversy  that  took 
place,  concerning  the  invention  of  the  fluxionary 
and  the  differential  calculus,  tended  to  confirm 
those  prejudices,  and  to  alienate  the  minds  of  the 
British  from  the  foreign  mathematicians,  and  the 
analytical  methods  which  they  pursued.  That  this 
reached  beyond  the  minds  of  ordinary  men,  is  clear 
from  the  way  in  which  Robins  censures  Euler  and 
Bernoulli,  chiefly  for  their  love  of  algebra,  while  he 
ought  to  have  seen  that  in  the  very  works  which  he 
criticises  with  so  much  asperity,  things  are  perform- 
ed which  neither  he  nor  any  of  his  countrymen,  at 
that  time,  could  have  ventured  to  undertake. 

We  believe,  however,  that  it  is  chiefly  in  the 
public  institutions  of  England  that  we  are  to  seek 
for  the  cause  of  the  deficiency  here  referred  to,  and 
particularly  ia  the  two  great  centres  from  which 
knowledge  is  supposed  to  radiate  over  all  the  rest 
of  the  island.  In  one  of  these,  where  the  dictates 
of  Aristotle  are  still  listened  to  as  infallible  decrees, 
and  where  the  infancy  of  science  is  mistaken  for  its 
maturity,  the  mathematical  sciences  have  never 
flourished  ;  and  the  scholar  has  no  means  of  ad- 
vancing beyond  the  mere  elements  of  geometry. 
In  the  other  seminary,  the  dominion  of  prejudice  is 
not  equally  strong ;  and  the  works  of  Locke  and 
Newton  are  the  text  from  which  the  prelections 
are  read.  Mathematical  learning  is  there  the  great 
object  of  study ;  but  still  we  must  disapprove  of 
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the  method  in  which  this  object  is  pursuecL  A 
certain  portion  of  the  works  of  Newton,  or  of  some 
oAer  of  the  writers  who  treat  of  pure  or  mixed 
mathematics  in  the  synthetic  method,  is  prescribed 
to  the  pupil,  which  the  candidate  for  acadenucal 
honours  must  study  day  and  night.  He  must 
study  it,  not  to  learn  the  ^irit  of  geometry,  or  to 
acquire  the  i'vvGLfjn^  su/mTixti  by  which  the  theo- 
rems were  discovered,  but  to  know  them  as  a  child 
does  his  catechism,  by  heart,  so  as  to  answer  readi- 
ly to  certain  interrogations.  In  all  this,  the  inven- 
tion finds  no  exercise ;  the  student  is  confined  with- 
in narrow  limits ;  his  curiosity  is  not  roused ;  the 
spirit  of  discovery  is  not  awakened.  Suppose  that 
a  young  man,  studying  mechanics,  is  compelled  to 
get  by  heart  the  whole  of  the  heavy  and  verbose 
demonstrations  contained  in  KeiPs  introduction, 
(which  we  believe  is  an  exercise  sometimes  prescribe 
ed,)  what  is  likely  to  be  the  consequence  ?  The 
exercise  afforded  to  the  understanding  by  those 
demonstrations,  may  no  doubt  be  improving  to  the 
mind ;  but  as  soon  as  they  are  well  understood,  the 
natural  impulse  is  to  go  on;  to  seek  for  something 
higher }  or  to  think  of  the  application  of  the  theo- 
rems demonstrated.  If  this  natural  expansion  of 
the  mind  is  restrained,  if  the  student  is  forced  to 
fall  back,  and  to  go  again  and  again  over  the  same 
ground,  disgust  is  likely  to  ensue  ;  the  more  likely, 
indeed,  the  more  he  is  fitted  for  a  better  employ- 
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ment  of  his  talents  j  and  the  least  evil  that  can  be 
produced,  is  the  loss  of  the  time,  and  the  extinction 
of  the  ardour  that  might  have  enabled  him  to  at- 
tempt investigation  himself,  and  to  acquire  both 
the  power  and  the  taste  of  discovery^     Confine- 
ment to  a  regular  routine,  and  moving  round  and 
round  in  the  same  circle,  must,  of  all  things,  be 
the  most  pernicious  to  the  inventive  faculty.     The 
laws  of  periodical  revolution,  and  of  returning  con- 
tinually in  the  same  track,  may,  as  we  have  seen, 
be  excellently  adapted  to  a  planetary  system,  but 
are  ill  calculated  to  promote  the  ends  of  an  aca- 
demical institution.      We  would  wish  to  see,  then, 
some  of  those  secular  accelerations,  by  which  im- 
provements go  on  increasing  from  one  age  to  ano- 
ther.    But  this  has  been  rarely  the  case  ;  and  it  is 
melancholy  to  reflect,  how  many  of  the  universities 
of  Europe  have  been  the  strong  holds  where  pre- 
judice and  error  made  their  last  stand — the  fast- 
nesses from  which  they  were  latest  of  being  dis- 
lodged.    We  do  not  mean  to  hint  that  this  is  true 
of  the  university  of  which  we  now  speak,  where 
the  credit  of  teaching  the  doctrines  of  Locke  and 
Newton  is  sufficient  to  cover  a  multitude  of  sins. 
Still,  however,  we  must  take  the  liberty  to  say, 
that  Newton  is  taught  there  in  the  way  least  con- 
ducive to  solid  mathematical  improvement. 

Perhaps,  too,  we  might  allege,  that  another  pub- 
lic institution,  intended  for  the  advancement  of 
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science,  the  Royal  Society,  has  not  held  out,  in 
the  course  of  the  greater  part  of  the  last  century, 
sufficient  encouragement  for  mathematical  learning. 
But  this  would  lead  to  a  long  disquisition :  And 
we  shall  put  an  end  to  the  present  digression,  with 
remarking,  that  though  the  mathematicians  of 
England  have  taken  no  share  in  the  deeper  re^' 
searches  of  physical  astronomy,  the  observers  ef 
that  country  have  dischai^ed  their  duty  better. 
The  observations  of  Bradley  and  Maskelyne  have 
been  of  the  utmost  importance  in  this  theory  ;  their 
accuracy,  their  number,  and  their  uninterrupted 
series,  have  rendered  them  a  fund  of  immense  as- 
tronomical riches.  Taken  in  conjunction  with  the 
observations  made  at  Paris,  they  have  furnished 
Laplace  with  the  data  for  fixing  the  numerical 
values  of  the  constant  quantities  in  his  different 
series ;  without  which,  his  investigations  could 
have  had  no  practical  apphcation.  We  may  add, 
that  no  man  has  so  materially  contributed  to  ren- 
der the  formulas  of  the  mathematician  useful  to  the 
art  of  the  navigator,  as  the  present  astronomer- 
royal.  He  has  been  the  main  instrument  of  bring- 
ing down  this  philosophy  from  the  heavens  to  the 
earth ;  of  adapting  it  to  the  uses  of  the  unlearn- 
ed ;  and  of  making  the  problem  of  the  Three  Bo- 
dies the  surest  guide  of  the  mariner  in  his  journey 
across  the  ocean. 
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After  the  intercourse  of  England  with  the  nations 
of  the  Continent  has  been  so  long  and  so  unha^i« 
ly  interrupted,  it  cannot  but  be  acceptable  to  our 
readers,  to  receive,  from  the  most  enlightened  of 
those  nations,  an  account  of  the  scientific  and  litera- 
ry improvements  that  have  taken  place  in  Europe 
during  the  last  nineteen  years.  This  account  is  of 
high  authority,  consisting  'of  reports  made  to  the 
Emperor  of  the  French  by  Committees  of  the  Na* 
tional  Institute,  about  the  beginning  of  the  year 
1808.  These  reports,  made  by  command  of  the 
Emperor,  are  mere  abstracts  or  skeletons  of  more 
extensive  memoirs,  which  we  may  expect  hereafter  to 
be  published.  Even  the  abstracts,  however,  are  in- 
teresting ;  not  only  on  account  of  the  information 
they  contain,  but  as  belonging  to  a  ceremonial, 

*  From  the  Edinburgh  Review,  Vol.  XV.  (^809.)— Ed. 
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which,  if  not  quite  singular,  is  certainly  very  un- 
common in  the  courts  of  princes.  They  are  ac- 
companied with  very  uaefiil  notes  by  the  editor 
J.  L.  Kesteloot,  a  Dutch  physician  of  the  Univer- 
sity of  Leyden. 

We  are  told,  that  on  the  6th  of  February,  his 
Majesty  being  in  his  Council,  a  deputation  from 
the  mathematical  and  physical  classes  of  the  Na- 
tional Institute  was  introduced  by  the  Minister  of 
the  Interior,  and  admitted  to  the  bar  of  the  Coun- 
cil. M.  Bougainville,  the  oldest  member,  and 
therefore  the  president  of  the  cla8S»  then  addressed 
the  Emperor  in  «  short  speech;  which  we  shall 
give  in  his  own  words. 

**  SiiUE, — Votre  Majeste  Imperiale  et  Royale  a 
ordonne  que  les  classes  de  I'Institut  viendraient 
dans  son  conseil  lui  rendi^  Compte  de  TEtat  des 
Sciences^  des  Lettres  et  des  Arts,  et  de  leur  pro- 
gres  depuis  17S9« 

**  La  classe  des  Sciences  Physiques  et  Mathema- 
Itiques  6'acquitte  aujourd'hui  de  ce  devoir ;  et  si  je 
me  presente  a  la  tSte  des  savans  qui  la  composent, 
c'est  i  moQ  age  que  je  dois  cet  honneur. 

^*  Mais,  SiRS>  telle  est  la  divarsitd  des  ol]|jets 
dont  cette  classe  s'occupe^  que  meme  avec  la  prd^ 
cision  dont  un  savoir  profond  et  Tesprit  d'analyse 
donnent  la  faculte,  le  rapport  qui  en  condent  Tex- 
pos^  exige  une  grande  etendue. 

**  Ce  n'est  done  que  de  Tesquisse,  et  pour  ainsi 
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dire,  de  la  preface  de  leur  ouvrage,  que  MM.  De- 
lambre  et  Cuvier  ¥ont  faire  la  lecture. 

**  Je  ne  me  permets  qu'une  seule  observation ; 
c'est  que  I'^poque  de  1789  ^  1808,  en  m^me 
temps  qu'elle  sera  pour  les  ^v^nemens  politiques  et 
militaires  une  des  plus  m^morables  dans  les  fastes 
des  peuples,  sera  aussi  une  des  plus  brillantes  dans 
les  annales  du  monde  savant. 

**  La  part  qui  est  due  aux  Francais  pour  le  per- 
fectionnement  des  methodes  analytiques  qui  con^- 
duisent  aux  grandes  d^ouvertes  du  systeme  du 
monde,  et  pour  les  d^ouvertes  meme  dans  les 
crois  r^gnes  de  la  nature,  prouvera  que  si  I'influ* 
ence  d'un  seul  faomme  a  fiiit  des  h^ros  de  tous  nos 
guerriei's,  nos  savans,  honoris  par  la  protection  de 
votre  Majeste  qu'ils  ont  vue  dans  leurs  rangs,  sont 
en  droit  d'ajouter  des  rayons  a  la  gloire  nation* 
ale." 

After  this  address  from  M.  Bougainville,  which 
is  certainly  commendable  for  its  simplicity,  though 
the  compliment  in  the  last  paragraph  might  have 
been  better  turned,  Delambre,  secretary  of  the 
class  of  Mathematics,  proceeded  to  read  his  Re- 
port, from  which  we  shall  select  such  passages  as 
appear  to  us  the  most  interesting. 

The  Report  begins  with  the  elementary  branches 
of  the  mathematics,  and  takes  notice  of  two  trea- 
tises which  have  appeared  in  that  department  with- 
in the  limits  of  the  period  above  mentioned, — ^those 
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of  Legendre  and  Lacroix.  That  of  Legendre,  it 
is  said,  is  destined  to  recal  geometry  to  its  ancient 
severity,  at  the  same  time  that  it  suggests  some  new 
ideas  concerning  an  analytical  mode  of  treating  se- 
veral of  the  elementary  parts  of  that  science.  To 
understand  these  two  remarks,  it  must  be  observed, 
that  the  French  mathematicians,  having  long  since 
abandoned  Euclid,  had  departed  also,  in  many 
things,  from  the  rigour  of  strict  demonstration ;  a 
practice  which,  in  the  Elements,  where  the  founda- 
tion of  the  science  is  to  be  laid,  was  surely  much 
to  be  condemned.  Bossut's  Elements  of  Geome- 
try, which  appeared  about  the  year  177^>  ^  almost 
the  only  one  in  the  French  language,  except  the 
two  here  mentioned,  where  geometrical  accuracy 
is  aimed  at  throughout.  The  work  of  Legendre, 
however,  has  accomplished  its  object  more  com- 
pletely, we  think,  than  that  just  mentioned,  or,  in- 
deed, than  any  other  modern  treatise  of  elementary 
geometry.  It  is  very  extensive,  including  the  pro- 
perties of  the  sphere,  together  with  the  cubature 
and  complanation  of  the  solids  bounded  by  planes, 
and  also  of  the  sphere,  cylinder  and  cone.  At  the 
same  time,  the  propositions  contained  in  it  are 
purely  elementary,  that  is,  such  as,  by  their  sim- 
plicity and  generality,  deserve  to  be  considei'ed  as 
the  fundamental  truths  of  the  science  of  geometry. 
Among  those  analytical  methods  of  demonstration, 
to  which  an  allusion  is  made  above,  we  were  long 
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since  particularly  struck  with  one^  of  which^  as  it 
lu^pens,  we  can  conyey  some  idea  without  the  as* 
sistance  of  a  diagram. 

It  is  well  known  to  those  who  have  compared 
different  treatises  of  elementary  geometry,  that  one 
of  the  greatest  difficulties  which  they  present,  is  the 
doctrine  of  parallel  lines.  Euclid  was  not  able  to 
extricate  himself  from  this  difficulty,  otherwise 
than  by  the  introduction  of  a  proposition  as  an 
axiom,  which  ceitainly  is  by  no  means  self-evident* 
Later  writers  ha^e  uniformly  experienced  the  same 
difficulty }  and  some  of  them,  trying  to  avoid  the 
introduction  of  a  new  axiom,  have  fallen  into 
downright  paralogisms.  Legendre,  in  his  Ele- 
ments, has  given  two  demonstrations  of  the  proper- 
ties of  parallel  lines,  without  assuming  any  new 
axiom.  One  of  these,  which  is  contained  in  the 
text,  is  prolix  and  less  simple  than  the  nature  of 
the  theorem  to  be  proved  entitles  us  to  expect.  The 
other  demonstration,  however,  which  is  in  the 
notes,  possesses  the  most  perfect  simplicity,  at  the 
same  time  that  it  is  new  }  proceeding  on  a  princi- 
ple that  has  been  long  recognized,  but  from  which 
no  consequence,  till  now,  has  ever  been  deduced. 

If  we  could  demonstrate,  independently  of  all 
consideration  of  parallel  lines,  that  the  three  angles 
of  a  triangle  are  together  equal  to  two  right  angles, 
the  object  in  view  would  be  accomplished,  and  the 
difficulty,  in  this  part  of  the  Elements,  would  be  en- 
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tir^.overoome.  Novr^  the  theonem  just  mentioii«> 
ed  would  be  easiiy  demonMrated,  if  we  hid  prov^* 
ed,  when  two  angles  of  one  triflc^;ie  are  eqinl  to 
two  angles  of  another,  that  the  third  angles  are  also 
equal,  whaterer  maj  be  the  inequality  of  the  baiia» 
or  of  the  trian^es  themselves.  Of  this  proposi- 
tion»  Legendre  givea  the  following  demonstration. 
If  the  third  loigle  cf  a  triai^le  depend  not  on  the 
other  two  angles  alone,  but  on  these  angles  and 
also  on  the  base,  then  is  there  wmejunctian  of 
these  angles^  and  of  the  base,  to  which  the  third 
angle  is  equal#  Buty  if  this  is  true»  an  equation 
exists  between  the  angles  of  a  triangle  and  one  of 
its  sides ;  and,  if  so,  a  value  of  that  side  may  be 
found  in  terms  of  the  three  angles  ^  that  is^  the 
side  has  a  given  ratio  to  the  angles ;  which  is  ia^ 
possible  ;  for  they  are  quantities  of  di£ferent  kinds, 
and  can  have  no  ratio  to  one  another.  Whenever, 
therefore,  two  angles  of  one  triangle  are  equal  to 
two  of  another,  their  third  angles  are  also  equal, 
whatever  their  basis  may  be.  This  reasoning  ap- 
pears to  us  extremely  ingenious  and  satisfactory.  It 
takes  for  granted  nothing  but  that  an  angle  and  a 
line  are  magnitudes  which  admit  of  no  comparison } 
a  proposition,  of  which  no  one  who  understands  the 
terms  can  entertain  the  smallest  doubt.  The  reason- 
ing, however,  will  not  be  readily  followed  by  those 
who  are  unacquainted  with  algebra,  or  to  whom  the 
nature  of  functions  and  equations  is  not  tolerably  fa- 
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mkiar^  It  is  curious,  that  a  principle  which  aiK  the 
world  knew,  and  wluch  was  received  into  geometni 
so  long  ago  as  the  dmys  of  Plato^  was  never  oaaiie 
svliserrieDt  to  the  purposes  of  reasoning,  tUl  rn  the 
instance  j«8t  mentioned,  where  it  is  fennd  actually 
to  invoh^  in  it  the  solution  of  a  great  diffici;^* 
We  mast,  however,  take  leave  of  Legendre's  tieab 
tiae,  which  we  cannot  soflkiently  recominend.  The 
Elements  of  Lacroix  are  also  extremely  valuable^ 
thoi^h  not  mariced,  so  strongly  as  the  preceding, 
with  the  characters  of  originality  and  invention.  . 
Delambre  goes  on  to  remark,  that  the  fine  cd* 
lection  of  the  Greek  mathematicians  was  completed 
in  1791 »  by  the  Archimedes  of  Torelli.  We  sup. 
pose  that  he  has  here  in  view  the  splendid  editkm 
of  Torelli's  Archimedes,  printed  at  Oxford,  not 
indeed  in  1791}  but  in  the  year  following.  H# 
makes  further  mention  of  a  translation  of  the  sam^ 
into  French  by  M.  Peyrard,  with  a  memoir  by  De^ 
lambre  himself  on  the  Arithmetic  of  the  Greeks. 
**  Before  this  memoir,"  he  adds,  ^  of  which  your 
Majesty  yourself  condescended  to  furnish  the  sob* 
ject,  it  was  difficult  to  conceive  how  the  Greeks, 
with  a  notation  so  imperfect  in  comparison  of  ours^ 
could  posfidbly  execute  the  arithmetical  (^rations 
indicated  by  Archimedes  and  Ptolemy.''  This 
translation  of  Archimedes,  so  far  as  we  know,  has 
not  yet  reached  England.  The  memoir  of  Delambre 
must  be  peculiarly  interesting  to  mathematicians. 


940  REVIEW  OF  LE  COMPTE  RENDU 

On  the  subject  of  the  ancient  geometers  and 
their  writings,  we  must  be  indulged  in  a  few  more 
remarks.  What  the  collection  of  the  Grreek  geo- 
meters is  to  which  Delambre  refers,  we  do  not  per- 
fectly understand ;  but  of  one  thing  we  are  cer- 
tain,  that  that  collection  can  never  be  considered 
as  completCi  while  the  Collections  of  Pappus,  one 
of  the  most  valuable  remains  of  ancient  science,  are 
known  only  by  a  very  imperfect  translation,  and 
while  the  original  continues  shut  up  in  great  libra- 
ries with  other  unpublished  manuscripts.  The 
most  perfect  MS.  of  Pappus,  we  believe  is  at  Ox- 
ford, and  is  particularly  described  by  Dr  Horsley, 
in  his  restoration  of  the  Inclinations  of  Apoilo- 
nius.  The  late  Professor  Simson  of  Glasgow  was 
the  man  of  all  others  who  had  studied  Pappus  with 
the  greatest  care,  as  well  as  the  greatest  intelli- 
gence ;  and  all  the  commentaries  on  that  author 
which  his  papers  afforded,  were  deposited  in  the 
Bodleian  Library ;  so  that  the  University  of  Ox- 
ford is  certainly  in  possession  of  the  best  materials 
that  the  world  affords,  for  a  correct  edition  of  this 
ancient  author.  We  would  willingly  look  to  the 
learning  of  that  celebrated  university  for  a  publica- 
tion which  will  be  most  thankfully  received  by  the 
whole  mathematical  world.  * 


*  Though  the  MSS.  of  Pappus,  we  believe,  are  but  few, 
there  are  some  now  and  then  to  be  met  with^  which  an  edi- 
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Before  we  take  leave  of  that  part  of  the  report 
which  relates  to  the  ancient  geometry » we  must  ob» 
servCi  that  the  most  interesting  part  of  it,  the  geo- 
metrical analysis,  has  not,  in  later  times,  been  cuU 
tivated  in  France;  and  very  little,  as  far  as  we 
know,  in  any  part  of  Europe,  except  Italy  and 
Great  Britain.  This  is  so  true,  that  the  article  of 
geometrical  analysis  is  not  to  be  found  in  that  great 
work,  which  the  French  philosophers  and  mathe- 
maticians  intended  as  a  complete  description  of  the 
science  of  the  eighteenth  century.  The  neglect, 
among  these  philosophei's,  of  a  branch  of  geometry 
that  deserves  so  well  to  be  cultivated,  and  is,  in 
fact,  one  of  the  most  beautiful  and  elegant  inven- 
tions in  the  whole  circle  of  the  sciences,  is  the  more 
wonderful,  that  the  first  of  the  modems  who  under- 
stood this  subject,  and  who,  though  destitute  of 
many  of  the  aids  which  have  since  been  derived 
from  a  more  complete  knowledge  of  the  ancient  re- 
mains, became  a  great  master  of  it,  was  a'  French 
geometer.  Format  flourished  about  the  middle  of 
the  seventeenth  century ;  and,  in  his  Opera  Variar 

tor  would  no  doubt  think  it  his  duty  to  consult.  One  ia 
now  in  the  possession  of  the  Advocates'  Library^  which  -w^tm 
purchased  a  few  years  ago.  It  is  very  beautifully  written;, 
but  is  probably  of  no  great  antiquity.  A  circumstance  that 
adds  to  its  value  is^  that  the  name  of  Ortous  de  Mairan  iir 
inscribed  on  it ;  so  that  it  probably  was  once  the  property 
of  that  learned  and  ingenious  academician^ 
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JtfM  resorted,  vr  re>inveiited,  tone  of  die  finest 
iwrks  of  the  mdeiit  andyas,  and  has  «pfroadied» 
at  the  same  time,  very  near  to  aewral  of  tiK  groit- 
eat  discoveries  of  the  modem.  In  Ae  fimner,  hom^ 
ever,  his  course  was  not  followed  by  the  madiema* 
tidans  of  his  own  aHmtry ;  and  die  man  who«Mst 
liearly  trode  in  the  steps  of  Fermat,  was  Dr  Ed- 
mund Halley,  in  the  end  of  the  same  oentory ,  wiM^ 
possessing  great  leamung  as  well  as  geniiui,  apfiUed 
the  former  very  suocessfuliy  to  the  improvement  of 
setenoe.  He  was  followed  by  the  late  Dr  i^mssm 
of  Glasgow,  and  Dr  Matthew  Stewart  of  Edin- 
burgh,  who  cultivated  the  ancient  analysis  wicfa 
Mngular  assiduity ;  the  former,  lestonng  several  of 
die  most  valuable  works  of  the  ancients  $  snd  the 
latter,  introducing  the  geometrical  analysis  mto 
dmse  branches  of  physical  science,  which  hithefto 
had  been  treated,  either  in  the  algebraical  manner, 
or  by  isynthetical  demonatration.  The  late  Dr 
Horsley  was  a  proficient  in  the  ancient  analysis  ; 
and  we  might  add  some  ethers  of  this  country,  who 
have  cultivated  the  same  subject  witli  soGoess,  and 
whose  writings  foU  widiin  the  ^(^lod  to  which  the 
report  of  the  Institute  is  limited.  In  Italy,  the 
ancient  analysis  has  found  several  followers;  among 
die  Memoirs  of  the  Societk  Italiana,  many  pro- 
blems are  found  resolved  by  it ;  but,  on  the  same 
subject,  we  have  met  with  nothing  in  the  Transac- 
tions of  the  other  societies  of  Europe.   There  must 
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Ik  Miiifltimig  suigiiiar  in  Am  «uiaes  that  iuire  pra»- 
moted  the  study  of  a  particukr  braoch  of  seieaee 
jm  iiakmk  icoimtiacs,  flriwe  ao  ooneeit  or  pooiiliar 
infliMMMe  can  he  suf^KMed  to  ha^e  setai  cxdusivdy 

Skkmhxe  iniiate  at  aono  length  on  the  operas 
tiona  in  piaetical  fjaonetry,  or  what  the  nDeoeh 
mU  iGee4eae9  4hat  hare  been  Istadj  carried  on  finr 
Ike  ipnifme  iif  stQertnnisg  ^Ufferent  pomts  relatiw 
te  the  Hgiro^of  the  earth.  The  irst  of  the  upenu 
tions  to  whkh  he  sefiem,  is  that  which  waa  mxder^ 
taken  both  ibj  Fnmce  and  England  i^  I7679  ^ 
the  |>orpoae  of  asoeitekiing  ;die  <iii!ibanoe  between 
the  me»dianiaf  Paris  and  Ihatcf  Greenwich.  He 
ehierfes^  nrith  flaqneot  to  these^  ^  that,  oooaideiling 
the  adfvaaoed  ;8tate  lof  the  aits  and  acianoes^  it  was 
to  be  expected  that  the  £nglidi  awoidd  eaideaiaaof 
to  awrpaas  icnoery  tkmg  vof  the  wme  Jdad  ^lat  had 
|Fet  (bean  dione :  thty  taneeeeded  on  idoing  ao  :  the 
theodolite  of  Ramaden,  the  i^idian  lights  used  fcvr 
ai^ah^  the  new  /appMatus  jeyipkiyed  in  the  mea* 
ancementxif  the  haai8,..piMdiioed  a  degree  of  aoou* 
racy  hitfaectoi  udkaMam.  The  iVwnch,  on  thaif 
side,  had  only  angles  ito  sneaimret;  4nid  the  ee^ 
peatiBg  docle  ^whidh  Biida  had  iawented,  dumgh 
not  of  so  ia^ponmg  a  ibrm  «s  the  theodaiite  oi 
fiamsden^  ioontaificd  an  its  >eoii9truotion  «  principle 
which  aasuned  to  itia  piecision  at  least  «quai  to  that 
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of  the  latter  instrument,  and  move  independent  of 
the  sidll  of  the  artist*" 

*  .  We  believe,  that  this  encomimn  on  the  repeating 
circle  of  Borda  is  very  fairly  due  ta  it.  That  cir- 
cle puts  it  in  our  power,  not  merely  to  take  a  mean 
of  a  great  number  of  observations,  but,  aa  those  ob- 
servations are  made  without  being  read  off  tiU  we 
come  to  the  last,  the  error  of  reading  off  is  no 
greater  for  all  the  observations  put  together,  than 
it  would  have  been  for  one  observation  only ;  so 
that,  when  divided  into  as  many  parts  as  there  have 
been  observations  made,  the  result  almost  vanishes. 
The  repeating  circle,  therefore,  gives  a  mean  of 
the  errors  of  observation,  and  of  the  division  of  the 
instrument :  and  the  error  of  reading  off,  it  goes 
near  to  annihilate  entirely.  This  seems  to  be  the 
true  light  in  which  these  instruments  should  be 
viewed }  and  aa  they  are  now  made  by  Troughton, 
with  aU  the  accuracy  which  that  excellent  artist 
gives  to  whatever  passea  through  his  hands,  we 
should  think  it  highly  expedient  that  a  comparison 
was  instituted  between  them  and  the  theodolite  of 
Ramsden,  for  which  the  trigonometrical  survey  af- 
fiicds  so  good  an  opportunity. 

The  success  of  the  measurement  of  the  distance 
between  the  meridians  of  Greenwich  and  Paris,  led 
to  the  operation  on  which  the  new  system  of  mea- 
sures was  founded.     The  unit  fixed  on  was  a  qua- 
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drant  of  the  meridian  ;  and,  under  the  impossibility 
of  measuring  the  whole,  the  largest  arch  accesible* 
that  between  Dunkirk  and  Barcelona,  was  chosen. 
The  operations  for  this  purpose  began  under  the 
direction  of  Mechain  and  Delambre,  in  179@i  and 
were  not  concluded  till  1799*  Of  these,  Delam- 
bre gave  an  account,  in  a  work  that  was  mentioned 
in  a  former  Number  of  this  Review.  The  coinci* 
denceof  two  different  bases  of  12,000  metres  each, 
and  distant  700,000  from  one  another,  demonstrat- 
ed the  extreme  accuracy  with  which  the  whole  had 
been  conducted.  Two  degrees  have  been  since  ad- 
ded, by  the  continuation  of  the  same  meridian  to 
the  Balearic  Isles. 

The  same  spirit  has  spread  into  other  parts  of 
Europe ;  and  has  produced  important  improve- 
ments in  the  science  of  geography.  The  astrono- 
mer Swanberg  measured  over  again,  in  1802,  the 
d^ree  that  had  been  measured  in  Lapland  by 
Maupertuis,  and  a  party  of  the  French  and  Swe- 
dish academicians.  Their  measure  made  the  de* 
gree  of  the  meridian  which  cuts  the  polar  circle,  to 
be  57)405  toises, — considerably  greater  than  it  was 
found  possible  to  reconcile,  by  any  theory,  with  the 
magnitude  of  d^rees  measured  in  lower  latitudes. 
Melandeijelm,  a  Swedish  astronomer,  known  by 
several  valuable  works,  proposed  to  repeat  the  mea- 
surement; and  the  operation  was  eommitted  to 
Swanberg  and  three  others,  who,  using  every  pre- 
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tiiitioa»  and  employing  the  circle  of  Bordty  fiwuid 
the  degree*  in  the  latitude  of  66^  20^,  to  be  only 
579909  toises;  less  foy  196  toiaes  than  the  dd 
mumxem&kt}  agreeing  peifectly  with  other  oh- 
a^rvatioiui ;  and  gtvii^  for  the  ooBBpreaaioii  at  the 
p^bi^  about  one  SdOdi  of  the  earth'a  irwidiiaine 
ter. 

Tlie  measurement  of  Maupertuia  aad  hia  col- 
leagues occasioned  much  confuaioa  and  debate  Sur 
near  seventy  years;  and  ^ves*  in  a  remarkable 
manner*  how  much  worse  an  inaccurate  experiment 
may  often  prove  than  no  ezpeiiment  at  all.  The 
great  trigonometrical  operations  cairymg  on  in 
England  are  also  mentioned  by  Delamhre ;  thoi^ 
he  seems  not  perfectly  infcumed  of  their  extent. 
He  mentions  some  in  Germany  and  8mtaeriand» 
with  which  we  are  not  acquainted. 

Among  the  improv^aoents  that  respect  this. state 
of  practical  geometry,  where  its  operations*  by  aiea- 
ing  at  great  accuracy*  connect  it  with  more  pro* 
found  and  difficult  researches,  Delambue*  with 
great  propriety,  reckons  the  thecrom  of  liCgendre^ 
by  which  the  calculatioii  of  spherical  triangl^as  is 
reduced,  in  all  the  cases  of  such  measurements  as 
we  now  refer  to,  to  plwe  trigonometry.  The  eune 
excellent  geometer  Jias  extended  his  theorem  to 
triangles  on  the  suc&ce  of  ^a  sfdbevoid.  (Vid.  Me<- 
moire  sur  les  I'ranscendantes  filliptiques,  1  vol. 
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,    Tibe  isijiiiiie]»tiaii  wUch  Deliunliite  gives  of  the 
lvock«  OQOtaiBkig  io^provemeiits  and  ibnownes  in 
algeluii,  is  ▼erjr  extenah/ie,  aad  indudes  several  tmu 
tiaes  wliich  bave  not  7^  liMiid  tbeir  li&y  tnl»  l3us 
island.     Of  tihose  on  which  we  •ew  add,  to  the 
shoit  DOtiee  which  eur  aot^hor  ^yes»  eeve  fMortias^ 
lars  from  our  own  knowledge^  we  ehaU  asleet  one 
or  two  exMQffes.     Lsgrange,  having  aooepted  die 
office  of  profiMSor  in  the  Pidytoslmic  .schooll,  cooi* 
posed»  for  the  iastmetion  of  his  pupils,  the  work 
which  he  calls  Caleul  des  iFonetions,  intended  as  a 
cocnmantary  and  supplement  to  the  Theorie  des 
Fonctiens  Analytiques,  vdudi  he  had  before  pnb- 
lished.     These  works  are  both  of  great  value,  <m 
accx)ttnt  of  the  new  and  accurate-view  which  ithegr 
give  of  the  principles  of  differential  calculus,  or  m£ 
whst  we  call  the  method  «f  fluxions.    For  manj 
yeari^  the  French  mathematicians,  and  indeed  the 
SBialhematicianfi  ef  l^e  Continent;  in  general,  gave 
themselifes  little  tDOuUe  ahoitt  the  {principles  of  the 
new  geometry ;  and,  though  they  extended  its 
method^  rules,  and  applications,  much  be^ooid  whit 
was  done  in  Eiugiand,  tJiey  were  mot  so  successful 
in  eiqslainiag  and  demonstrating  the  fimdamental 
tvuthsiif  the  «cieaiecb  as  Newton  and  his  IbUowenk 
This,  iM  belie¥e,  will  Jbe  generally  aUoned ;  and, 
till  a  ¥ery .late  fiecied,  :a6acoely  admitsef  any  exos^ 
tion.     Euler  hamsel^  though  such  a  maater  4xf  *he 
Calculus  as  to  hm^  hardly  any  ci^aal,  yet,  im  the 
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meti^ysics,  as  we  may  call  it,  of  that  calculus, 
displays  none  of  his  usual  talent  and  accuracy  of 
thought.     He  contends,  that  fluxions  or  difieren- 
tials  have  no  magnitude  whatever,  and  are  truly 
and  literally  equal  to  nothing;  which  is  a  harsh 
and  inaccurate  way  of  stating  what  is  much  better 
expressed  by  Newton  in  his  doctrine  of  prime  and 
ultimate  ratios ;  or  by  Maclaurin,  where  he  con- 
siders fluxions  as  the  measures  of  velocity.     There^ 
were,  however,  some  exceptiona  to  the  generality 
of  the  observations  which  we  are  now  making;  and 
D' Alembert,  in  particular,  though  he  has  not  writ- 
ten professedly  on  the  subject  of  the  principles  of 
the  Calculus,  yet,  whenever  he  haa  occasion  to  atate 
any  thing  relative  to  it,  never  fails  to  do  so  in  the 
luminous  manner  that  we  might  expect  from  a  geo^. 
meter  who  was  a  metaphysician  and  a  philosopher. 
Camot,  whose  name  is  so  well  known,  was  one  of 
the  first  among  the  French  mathematicians  who 
treated  professedly  of  the  metaphysics  of  the  differ- 
ential calculus.     The  little  tract  which  he  wrote  on 
this  subject  is  full  of  ingenious  and  sound  views  ; 
but  such  as,  though  presented  in  a  new  form,  and 
one  that  appeared  quite  original  both  to  the  author 
and  hia  countrymen,  are  in  reality  very  little  re^ 
moved  from  the  method  of  prime  and  ultimate 
ratios.     Camot,  however,  had  the  merit  of  accom- 
modating that  method  to  the  form  and  language  of 
the  calculus,  better  than  we  were  accustomed  to  do, 

4 


PAR  l'iNSTITUT  D£  FRANCE^  349 

by  stating  that  a  differential  equation  is  not  an  ex« 
acty  but  only  an  apjHroxiinate  equation,  which  comes 
continually  nearer  to  the  truth  the  less  the  fluxions 
or  differentials  are  that  are  involved  in  it.    La- 
grange, however,  has  placed  the  matter  on  the  true 
foundation  ;  and  has  shown  that,  in  delivering  the 
general  rules  of  the  differential  and  integral  calcu- 
lus, there  is  no  need  for  introducing  evanescent 
quantities,  or  quantities  less  than  any  thing  that  is 
assigned.     Thus,  the  differential  calculus  is  reduc- 
ed  to  the  algebra  of  variable  but  finite  quantities ; 
and  it  is  only  when  the  application  of  the  general 
formulas  is  made  to  geometric  magnitudes,  that  the 
ultimate  ratios  of  evanescent  quantities  come  to  be 
considered ;  and  they  do  so  in  a  manner  that  ad- 
mits of  strict  demonstration.      This  step  is  un- 
doubtedly one  of  the  greatest  that  has  been  made 
in  the  new  analysis  since  the  period  of  its  invention ; 
and  we  have  often  wondered  that  the  works  of  La- 
grange, which  contain  the  developement  of  this  idea, 
have  not  produced  a  greater  sensation  among  the 
mathematicians  of  this  island,  who  have  always 
aimed  so  much  at  accuracy  in  their  manner  of  treat- 
ing this  subject.     We  will  not  allow  ourselves  to 
suppose  that  this  proceeds  from  any  illiberal  jea- 
lousy, or  any  unwillingness  to  acknowledge  the  su* 
perior  success  of  a  foreigner  in  a  pursuit  in  which 
they  themselves  had  been  engaged.      We  must 
rather  ascribe  this  apparent  indifference  to  the  ge- 
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serai  agitation  of  Europe,  and  the  intefiiiptiott  ef 
aU  inteiconney  even  that  of  fatten^  between  firiQce 
and  En^and*  On  the  Contiiient,  tbeae  works 
seem  to  meet  with  the  reception  diey^  deaerfe.  The 
Th^orie  des  Fonedona  was  pidbliahed  m  the  year 
5  of  the  French  Rerolutkuu  The  first  edition  ef 
the  Calcol  des  Feoctions  waa  in  1805 ;  and  the  m^ 
oand  edition^  which  ia  now  before  «,  m  1806. 

Another  treatise  of  Lagrange  ia  noticed  in  diie 
rqiort,  Traits  de  hi  r^olution  dee  ^uaticma  mi* 
mferiqnea  de  tons  lea  d^r^  Thia  is  abo  a  work 
of  great  merit,  and  yet  it  is  hot  little  known  in  thia 
eomitry,  though  the  memoir  which  is  the  fi)und»« 
tion  of  it  was  published  by  Lagrii^  in  the  Berlm 
Memoirs  so  long  ago  as  the  year  1767-  It  deaerrea 
to  be  particularly  studied }  and  nothing  more  oseu 
fill  could  be  done  in  an  elementary  treatise  of  alge- 
bra, than  to  give  to  this  method  of  approximating 
to  the  roots  of  equations  the  simplest  form  which  it 
admits  of. 

The  last  article  under  this  head  is  the  M^ca^ 
nique  C^este  of  Laplace,  on  which,  as  is  well  known, 
too  much  praise  cannot  be  bestowed.  We  have  al- 
ready  considered  this  work  with  a  minuteness  that 
renders  any  further  observations  on  it  unnecessary 
in  this  place. 

The  Report  mentions  three  articles  in  practical 
mechanics  ;  the  timekeepers  for  finding  the  longi* 
tttde,  constructed  by  Berthoud,  which  gained  the 
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fnze  of  the  Institute  ;  the  hydraulic  ram  of  Mont- 
golfier ;  and,  lastly,  a  machhie  af^roved  by  the 
Chssi  of  the  Sciences,  the  Pyreolophoms  of  Messrs 
Lenieps,  a  new  invention,  in  which,  if  we  under- 
stand the  very  short  notice  ccmceming  it  which  the 
editor  has  given  in  a  note,  the  force  of  air  sudden^ 
ly  expsnded  by  heat,  is  made  to  raise  a  weight,  cr 
overcome  a  remstance*  In  an  experiment  made 
with  this  machine,  it  is  said^  that  a  boat,  loaded 
with  five  quintals,  and  presenting  to  the  water  a 
prow  of  the  area  of  nx  square  feet,  was  carried  op 
the  Soane  with  a  velocity  double  that  of  the  streaok 
In  another  experiment,  the  pressure  exerted  on  a 
piston  of  three  square  inches  was  in  equilibrio  with 
SI  ounces  and  the  fuel  consumed  weighed  only 
six  grains.  We  want  here  a  necessary  element, 
the  time  in  which  these  six  grains  were  consumed. 
This  omission  may  perhaps  be  supplied  from  ano- 
ther part  of  the  account,  where  it  appears  that  each 
stroke  of  the  piston  takes  up  five  seconds.  The 
six  grains  were  the  fuel  consumed  in  five  seconds. 

Much  more  information,  however,  than  we  have 
at  present,  is  necessary,  in  order  to  form  any  esti- 
mate of  the  merit  of  this  machine,  and  to  judge 
whether  it  has  any  chance  of  becoming  a  rival  to 
the  steam  engine. 

The  next  general  head  of  the  Report  is  Astrono- 
my ;  and  here  the  new  astronomical  tables  form 
the  first,  and  indeed  the  most  important  article. 
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This  subject  we  have  also  anticipated  in  the  revievr 
of  Vince's  Astronomy,  or,  as  the  tide  ought  to 
have  beai,  of  Vince's  edition  of  the  Tables  of  Burg 
and  Delambre. 

A  curious  article  is  given  with  respect  to  the  co* 
met  of  1770f  which  has  long  occupied  the  atten* 
tion  of  astronomers,  from  the  singular  circumstance 
that  the  only  ellipse  that  could  be  made  to  agree 
with  its  motions  during  the  time  it  was  visible,  is 
one  in  which  it  must  revolve  in  five  years  and  a 
half  nearly  :  yet  this  comet  has  never  been  observ- 
ed since  1770,  and  never  was  seen  before.  The 
singular  problem  to  which  this  paradoxical  pheno- 
menon gives  rise,  was  proposed  as  the  subject  of  a 
prise  by  the  National  Institute,  and  the  prize  was 
gained  by  M.  Burckhardt,  a  most  skilful  and  la- 
borious astronomer.  From  immense  calculations 
he  has  made  it  appear  that  the  attraction  of  Jupiter 
had  rendered  that  comet  visible,  from  having  been 
invisible  before  because  of  its  great  distance,  and 
has  also  rendered  it  invisible  again,  by  undoing  its 
former  e£Pect,  and  reducing  the  comet  to  move  in 
an  orbit  that  does  not  admit  of  its  coming  near 
enough  to  the  sun  to  be  visible  from  the  earth. 

It  is  not  one  of  the  least  remarkable  circumstan- 
ces in  the  history  of  a  period  big  with  novelty,  that 
since  the  beginning  of  the  present  century  four 
new  planets  have  been  discovered.  These  are  all 
of  them  so  small,  that  it  is  no  wonder  they  escaped 
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observation,  and  were  even,  by  astronomers,  con- 
founded with  the  millions  of  stars  of  the  same  ap- 
parent magnitude  that  occupy  almost  every  pomt 
of  the  heavens.  From  their  smallness  it  follows, 
that  they  have  no  sensible  effect  in  disturbing  the 
motions  of  the  planets  already  known.  Their  or- 
bits are  considerably  eccentric ;  and  the  plane  of 
one  of  them  has  an  inclination  to  the  ecliptic  great- 
er than  the  inclinations  of  ttU  the  other  planetary 
orbits  put  together.  This  great  inclination  and 
eccentricity  will  render  the  calculation  of  the  dis- 
turbances produced  in  the  motion  of  these  bodies 
by  the  larger  planets,  (particularly  of  Jupiter  and 
Mars,  between  which  they  are  situated,)  a  matter 
of  considerable  difficulty,  and  may  be  the  occasion, 
as  Delambre  remarks,  of  extending  the  science  of 
analysis  beyond  its  present  bounds. 

The  first  of  these  planets  was  discovered  by 
Piazzi  at  Palermo,  the  third  by  M.  Harding,  the 
two  others  by  M.  Olbers  of  Bremen.  The  astro- 
nomer last  named  is  of  opinion,  that  these  small 
bodies  are  the  fragments  of  one  large  planet  which 
an  explosion,  from  some  unknown  cause,  has  burst 
in  pieces ;  and  hence  he  concludes,  that  all  their 
orbits  ought  to  cut  ope  i^oth^r  in  two  opposite 
points  of  the  heavens,  which  he  found,  by  calcu- 
lation, to  be,  one  near  the  constellation  Virgo, 
and  the  other  near  the  Whale ;  and  that,  of  course, 
they  must  pass  through  these  points  twice  in  every 
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revolution ;  so  that,  in  order  to  diacofer  all  the 
fragments,  astronomers  ought  to  examine  these 
two  places  of  the  heavens  very  frequently.  In  ef- 
fect, all  the  four  have  been  found  near  these  points; 
and  the  two  last,  after  CHbers  had  su^ested  the 
idea  just  mentioned. 

Since  the  year  1789»  seventeen  comets  have  been 
discovered ;  and,  along  with  the  names  of  Messrs 
Mechain,  Olbers,  &c.  by  whom  they  were  observ- 
ed, we  are  glad  to  see  the  name  of  Miss  Herschel. 
The  orbits  of  all  these  comets  have  been  calculate 
ed.  The  comet  that  appeared  so  remarkable  in 
the  autumn  of  1807,  is  thought  by  Olbers  to  re- 
tolve  in  a  very  eccentric  ellipse,  and  to  have  a  pe- 
riodic time  of  no  less  than  1900  years. 

Delambre  concludes  this  article  with  Dr  Her- 
schel's  description  of  the  heavens,  the  double,  tri- 
ple, quadruple,  and  nebulous  stars,  together  with 
those  that  have  disks  like  planets,  in  some  cases 
rounds  in  others  irregular.  The  discovery  of  the 
revolution  of  Saturn's  ring  by  the  same  excellent 
astronomer,  is  also  mentioned,  as  also  the  coinci- 
dence of  the  time  of  that  revolution  with  the  theo- 
ry of  gravity,  and  the  prediction  of  Laplace.  The 
observations  of  Dr  Herschel  on  the  figure  of  Sa- 
turn himself  are  not  mentioned. 

A  rumour  prevailed  for  some  time,  that  Piazzi 
had  discovered  the  parallax  of  the  fixed  stars  j  but 
as  M.  Delambre  makes  no  mention  of  a  discovery. 
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which,  if  real,  would  be  no  doubt  one  of  the  great- 
est in  astronomy,  we  must  suppose  that  M.  Piazzi'a 
observations  have  not  yet  led  to  any  satisfactory  re* 
suit.  The  notes  mention  a  work,  founded  mostly 
on  Dr  HerschePs  observations,  by  Schroeter  of 
Amsterdam,  on  the  dimensions  of  the  universe :  it 
was  crowned  by  the  Royal  Society  of  Haerlem  in 
1 80S ;  it  cannot  fail  to  be  highly  interesting ;  and 
we  very  much  regret  that  it  has  not  yet  reached 
this  country. 

The  next  general  head  is  that  of  Physique  Ma- 
th^matique,  or  what  we  would  call  experimental 
philosophy.  Delambre  begins  with  remarking, 
**  That  the  revolution  recently  brought  about  in 
chemistry,  could  not  happen  without  turning  many 
experimentalists  a  little  out  of  their  ordinary  owrse^ 
when  they  saw  in  a  neighbouring  science,  a  road 
opened  that  promised  more  numerous  discoveries. 
We  shall  nevertheless  find,  in  the  mathematical 
branch  of  physics,  some  curious  researches  and  in- 
teresting inventions." 

Among  these,  one  of  the  most  remarkable  is 
the  Balance  of  Torsion ;  which,  by  the  twisting 
and  untwisting  of  a  thread  or  wire,  afiPords  a  mea- 
sure for  forces  that  are  too  onall  to  be  appreciated 
by  any  other  means.  It  was  with  this  that  Coulomb 
was  so  successful  in  determining  the  law  of  electric 
attraction  and  repulsion,  and  afterwards  in  showing 
that  the  phenomena  of  magnetism  follow  a  law  al- 
together similar,  namely,  the  inverse  of  the  square 
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of  the  distance*  By  help  of  the  same  instrument, 
he  was  able  to  measure  the  smallest  effects  of  mag- 
netism ;  to  find  the  temperature  (considerably  ele- 
vated) at  which  these  effects  entirely  disappear ; 
and  to  show  that  magnetism  is  not,  as  has  been  ge- 
iie]:ally  supposed,  a  property  peculiar  to  certain  bo- 
dies, but  one  that  exists  in  all,  even  in  those  that 
appear  most  devoid  of  it.  The  same  balance  ena- 
bled him  to  measure  the  resistance  which  fluids  op- 
pose to  motion,  the  law  of  which  resistance  is  ex- 
pressed by  two  terms,  of  which  Newton  found  out 
only  the  first,  the  second  not  being  sensible  except 
in  motions  that  are  extremely  slow. 

The  instniment  by  which  Mr  Cavendish  deter- 
mined the  gravitation  of  balls  of  lead  toward  one 
another,  is,  as  Delambre  observes,  no  other  than 
Coulomb's  Balance,  executed  on  a  large  scale.  Mr 
Cavendish  found  from  his  experiments,  that  the 
mean  density  of  the  earth  is  five  times  and  a  half 
as  great  as  that  of  water. 

Here,  however,  we  must  be  permitted  to  ob- 
serve, that  though  Mr  Cavendish's  Balance  does 
not  differ  in  principle  from  that  of  the  excellent 
experimenter  quoted  by  Delambre,  it  was  not  co- 
pied from  it.  The  experiments  of  Mr  Cavendish 
were  indeed  made  about  the  year  1798 ;  and  the 
^rst  experiments  of  Coulomb  with  his  balance  are 
jmblished  as  early  as  the  year  178^»  if  we  mis- 
take not.  Tlie  instrument  that  Mr  Cavendish  em- 
ployed h^d,  however*  been  invented  before  that  pe- 
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riod  by  the  Rev.  Mr  Mitchell,  F.  R.  S.»  and  was 
purchased  at  his  sale  by  Mr  Cavendish.  We  are 
to  consider  the  instrument,  therefore,  as  originally 
an  English  invention,  and  re-invented  in  France  by 
Coulomb,  without  any  knowledge  whatever  of  what 
was  done  in  England. 

We  cannot  help  remarking  too,  when  we  reflect 
on  the  results  obtained  from  this  instrument  in  the 
hands  of  the  English  and  of  the  French  philoso- 
pher, that  the  gravitation  measured  by  the  former, 
may  have  been  affected  by  the  magnetism  which 
the  latter  supposed  he  had  discovered  in  all  bodies. 
The  effects  of  the  one  force  may  have  been  mista^ 
ken  for  those  of  the  other,  and  a  degree  of  uncer- 
tainty is  thrown  on  the  determinations  of  both. 
This  observation,  however,  we  only  throw  out 
loosely :  perhaps  an  accurate  comparison  of  the  ex- 
periments might  determine  how  much  is  to  be 
ascribed  to  the  one  cause,  and  how  much  to  the 
other :  it  is  right,  however,  that  this  source  of  in- 
accuracy should  be  considered. 

The  application  of  the  barometer  to  the  measure- 
ment of  heights,  or,  more  properly  the  formula 
for  determining  heights  by  help  of  the  barometer^ 
deduced  by  Laplace,  is  mentioned  among  the  dis- 
coveries of  the  latter.  Laplace  used  in  his  formu- 
la the  specific  gravity  of  mercury,  as  it  is  common- 
ly stated.  The  coefficient  or  multiplier  of  the  lo- 
garithmic difference  which  he  thus  obtained,  waa 
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found,  on  comparing  his  barometric  measures  with 
certain  heights,  trigonometrically  determined  by 
M*  Ramond  in  the  Pyrenees,  to  require  a  small 
correction.  The  coefficient,  thus  adjusted,  was 
found  by  Biot  to  agree  perfectly  with  the  expe- 
riments on  the  specific  gravity  of  mercury  when  ac- 
curately repeated  j  and  his  experiments  also  gave 
the  same  refraction  which  Delambre  had  deduced 
from  astronomical  observations. 

In  the  prosecution  of  these  experiments,  M.  Biot 
found  that  the  refracting  power  of  different  gases  af- 
fords means  more  accurate  than  the  ordinary  proces- 
ses of  chemistry  for  inquiring  into  the  composition  of 
certain  substances,  such  as  the  diamond,  which  he 
concluded  to  be  partly  composed  of  oxygen.  The 
idea  of  inferring  the  chemical  composition  of  bo- 
dies from  their  refracting  power,  as  is  well  known, 
was  first  conceived  by  Newton :  it  seems  to  have 
been  much  extended  and  improved  on  by  the  phi- 
losopher just  named. 

It  is  not  taken  notice  of  in  the  Report,  but  we 
think  it  right  to  remark  it,  that  the  rule  for  baro- 
metric measurements  had  been  investigated  on 
strict  mathematical  and  mechanical  principles  long 
before  it  was  done  by  Laplace,  and  formulas  brought 
out,  which  do  not  materially  differ  in  their  results, 
though  they  do  considerably  in  their  forms,  from 
that  of  the  French  geometer.  After  Deluc  piade 
his  improvements,  and  discovered  by  trial  the  very 
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simple  rule  which  he  employs,  leaving  it  however 
quite  empirical,  and  not  deduced  from  principles,  a 
geometric  demonstratiou  of  diat  rule  was  given  by 
Dr  Horsley  in  the  Philosophical  Transactions.  An 
investigation  of  the  same,  purely  analytical,  was 
published  by  Professor  Damen  of  Leyden ;  and  a 
third,  which  considers  the  problem  with  great  ge- 
nerality, and  takes  into  view  several  circumstances 
which  had  not  hitherto  been  attended  to,  is  given 
by  Professor  Playfair  in  the  first  volume  of  the  Edin- 
burgh Transactions.  The  investigation  of  Laplace, 
therefore,  was  not  entirely  new  as  to  its  object  or  its 
principles,  though  we  believe  his  method  to  be  ori- 
ginal, and  in  all  respects  worthy  of  its  author.  His 
rule,  even  when  corrected  as  above  mentioned, 
does  not  perfectly  agree  with  that  which  we  em- 
ploy in  this  country,  of  which  the  form  is  agreeable 
to  the  investigations  just  mentioned,  and  the  coeffi- 
cients determined  from  the  excellent  experiments 
of  General  Roy  and  Sir  G.  Shuckborough.  It  is 
also  less  commodious  in  practice  than  either  our 
formula  or  that  of  M.  Trembley  of  Geneva.  We 
are  not,  however,  perfectly  prepared  to  state  in 
what  the  difference  consists,  or  to  what  extent  it 
goes.  As  the  question  now  stands,  we  think  a 
comparison  of  the  different  barometric  formulas  is 
an  excellent  subject  for  a  mathematical  memoir. 

Under  the  article  of  Magnetism,  the  Report 
mentions  the  series  of  observations  published  by 
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M.  Gilpin  in  the  Philosophical  Transactions  for 
1806,  from  which  some  curious  results  may  be  de- 
duced concerning  the  secular  variations  of  the 
magnetical  meridian.  Another  article,  relates  to 
Dr  Wollaston's  apparatus  for  measuring,  in  a  man- 
ner extremely  simple  and  accurate,  the  refraction 
of  transparent  bodies,  (Phil.  Trans.  1802.)  It  is 
said,  that  a  very  valuable  addition  to  this  appara- 
tus has  been  made  in  France,  by  M.  Mains ;  and 
that  an  analytical  consideration  of  the  subject  had 
enabled  him  to  correct  an  error  which  had  escaped 
Dr  WoUaston.  We  do  not  know  if  any  more  par- 
ticular account  of  M.  Malus's  improvement  has 
yet  reached  England. 

The  next  object  of  Delambre's  Report,  is  Geo- 
graphy and  Travels.  On  this  he  is  very  short,  and 
only  runs  over  some  of  the  principal  occurrences. 
"  The  taste,"  he  says,  "  to  which  the  successful 
and  brilliant  voyages  of  Bougainville  and  Cook 
had  given  rise,  was  not  weakened  by  the  disastrous, 
though  not  useless,  expeditions  of  Peyrouse  and 
Entrecasteaux.  Deputies  from  the  African  Socie- 
ty in  England,  penetrated  into  countries  entirely 
unknown.  Homeman  met  with  the  most  dis- 
tinguished reception  from  the  conqueror  of  Egypt ; 
Mungo  Park  braved  the  greatest  dangers;  and 
Flinders  exposed  himself  to  the  most  dreadful  risks, 
in  order  to  explore  Van  Dieman's  Land,  and  the 
coast  of  New  Holland.     The  ambassadors  of  the 
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English  penetrated  into  Thibet,  into  the  kingdom 
of  Ava,  and  into  China.  Vancouver  described 
the  coast  he  was  appointed  to  survey,  with  a  care 
and  exactness  proper  to  serve  as  a  model  for  all 
those  who  have  similar  duties  to  discharge/' 

We  cannot  help  remarking,  on  reading  the  name 
of  Flinders,  that  the  fate  of  that  skilful  and  intrepid 
navigator,  at  this  moment,  we  believe,  languishing 
in  confinement  in  the  Isle  of  Bourbon,  does  great 
discredit  to  the  government  of  France.  Accident 
put  him  in  the  power  of  France.  A  voyager,  en- 
gaged in  the  cause  of  science,  had  a  right  everywhere 
to  look  for  friends.  Flinders  was  treated  as  an  ene- 
my. His  release,  however,  was  at  length  agreed  to ; 
and  orders  to  that  effect  sent  out  to  the  governor  of 
tlie  Isle  of  Bourbon :  but  hitherto,  if  we  are  rightly 
informed,  these  orders  have  not  been  complied  with. 

The  Report  goes  on  to  mention  what  the  French 
did  in  Egypt ;  the  voyages  of  Marchand,  Baudin, 
ftc. 

.  **  Lastly,*'  (says  Delambre,)  "  to  terminate  this 
sketch  with  an  expedition  which  contains  in  it  every 
kind  of  merit,  Humboldt  has  executed,  at  his  own 
expence,  an  enterprise  that  would  have  done  ho- 
nour to  a  nation.  Accompanied  only  by  his  friend 
Bonpland,  he  has  plunged  into  the  American  wil- 
derness ;  he  has  brought  back  with  him  6000 
plants,  with  their  descriptions ;  has  determined  the 
position  of  SOO  points,  by  astronomical  observation  ; 


362  RKVIBW  OF  LE  COMPTE  RENDU 

has  ascended  to  the  top,  and  has  measured  theheight 
(^Chimborafo.  He  has  created  the  geography  of 
plants,  assigned  the  limits  of  vegetation,  and  of 
eternal  snow  ;  observed  the  phenomena  of  the  mag- 
netic needle  and  of  electric  fish,  and  has  presented 
the  lovers  of  antiquity  with  much  valuable  informa- 
tion concerning  the  Mexicans,  their  language,  their 
history,  and  monuments/' 

A  sketch  of  these  curious  travels  is  given  in  one 
of  the  notes,  at  the  end  of  the  Report,  but  would 
lead  us  into  too  long  a  digression. 

Delambre  then  concludes  his  Report  with  a  new 
address  to  the  Emperor.  The  Institute  had  it  in 
command,  it  seems,  not  only  to  report  on  the  actual 
state  of  the  sciences,  but  to  suggest  the  measures 
that  would  promote  their  further  advancement. 
In  this  part  of  his  task,  Delambre  has  acquitted 
himself  well,  and  with  considerable  address. 

**  Votre  Majestd  daigne  interroger  Tlnstitut  sur 
les  moyens  d'assurer  les  progr^s  ult^rieurs ;  les  pro- 
gr^s  des  math^matiques  ne  sont  nullement  douteux, 
I'instruction  premiere  trouve  des  sources  abondan- 
tes  dans  tous  les  lyc^s ;  I'ecole  poljrtechnique  est 
une  pdpini^re  de  sujets  distingu^s  pour  tous  les 
genres  de  service  public. — La  loi  bienfaisante  qui 
a  r^gener^  Tinstruction,  promettait  une  dcole  spe- 
ciale  aux  mathematiques ;  cette  ^ole  existait.  La 
G^metrie  et  T Algdbre,  PAstronomie  et  la  Phy- 
sique  sont  professes  au  Collie  Imperial  de  France. 
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Un  cours  d'analyse  transcendante  y  completterait 
renseignement  des  sciences  exactes.  Une  opera* 
tion  importante  avait  6t6  commence  pour  donner 
k  la  France  une  perpeudiculaire  digne  de  sa  m^ri« 
dienne.— -Mius  nous  ne  formons  point  de  voeu; 
nous  attendons  avee  une  confiance  respectueuse, 
ce  qu'il  plaira  k  votre  Majesty  d'ordonner  en  fa- 
veur  d'une  science  dont  elle  eut  elle-m^me  recul^ 
les  limites,  si  des  plus  bautes  destines  ne  I'eussent 
appel^  k  les  prot^er  toutes  ^galement,  pour  les 
faire  concourir  k  la  splendeur  et  aux  merveilles  de 
son  r^gne/' 

A  school  for  instruction  in  the  higher  mathe* 
matics,  and  a  perpendicular  to  the  meridian  of 
Paris,  to  be  extended  across  the  kingdom  with  the 
same  accuracy  as  the  meridian  itself  has  been*  are 
the  very  moderate  and  disinterested  requests  of 
the  secretary  of  the  Institute,  and  the  things  which 
he  conceives  to  be  most  essential  for  promoting  the 
interest  of  mathematical  science.  The  respectful 
manner  in  which  this  suggestion  is  made,  and  the 
compliment  with  which  it  is  accompanied,  to  some 
will  perhaps  appear  to  savour  more  of  the  cour- 
tier than  the  man  of  science.  We  are  not,  bow- 
ever,  of  this  opinion.  Respect  is  what  talent  and 
power  of  a  certain  eminence  must  always  com- 
mand ;  and  that  a  man  of  the  ability  of  Napoleon, 
who  had  early  shown  a  fondness  for  science,  might 
have  enlarged  the  bounds  of  it  by  discoveries  of  his 
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own,  if  his  situation  had  permitted,  is  a  natural 
and  fair  conclusion. 

The  report  that  follows  next,  is  that  of  Cuvier, 
on  the  subject  of  what  we  call  general  physics — 
Les  Sciences  Physiques.      It  begins  with  the 
theory  of  crystallisation  as  given  by  Haiiy,  which 
has  originated  and  been  brought  to  its  conclusion, 
as  Cuvier  remarks,  during  the  period  to  which 
these   reports  are  confined.      It  is  indeed  true, 
that  the  theory,  in  the  view  Haiiy  takes  of  it,  is 
completed  ;  but  that  the  real  theory  of  crystals  is 
undei*stood,  till   we  know  the  law  of  the  force, 
whether  polarity,  or  simple  attraction,  by  which 
the  regular  structure  of  these  bodies  is  brought 
about,  we  can  by  no  means  admit.     The  cause 
that  arranges  the  molecules^ — that  determines  the 
rate  of  the  decrease  of  the  different  plates  of  which 
the  crystal  is  composed, — this  is  still  confessedly 
unknown ;  it  is  perhaps  without  our  reach ;  and 
if  so«  we  must  consider  this  branch  of  knowledge  as 
destined  to  remain  for  ever  imperfect.    At  the  same 
time,  we  believe  it  true,  that  the  principle  of  Haiiy 
does  not  ^dmit  of  being  carried  much  beyond  what 
it  has  been.     We  admit,  too,  that  in  the  state  to 
which  it  is  now  brought,  it  furnishes  an  excellent 
principle  for  the  arrangement  of  mineral  substan- 
ces. 

"  Within  the  period  we  now  treat  of,  the  theory 
of  chemical  affinities  has  undergone  an  entire  revo- 
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lution  in  the  hands  of  Berthollet,  who  denies  the 
existence  of  elective  attractions  and  absolute  de- 
composition. He  has  undertaken  to  prove,  that 
in  ail  the  compositions  and  decompositions  made 
by  what  is\  called  elective  attraction,  there  takes 
place  a  division  of  the  substance  combined  between 
two  other  substances  that  act  upon  it  with  opposite 
forces ;  and  that  the  proportion  in  which  this  divi- 
sion is  made,  is  determined,  not  only  by  the  ab- 
solute energy  with  which  these  substances  act,  but 
also  by  their  quantity.** 

It  cannot  be  denied,  that,  in  this  way,  chemical 
forces  are  represented  as  being  more  of  the  nature 
of  those  mechanical  forces  with  which  we  are  best 
acquainted,  than  in  any  other.  Their  nature, 
therefore,  becomes  less  paradoxical.  At  the  same 
time,  chemists  do  not  seem  perfectly  agreed  as  to 
the  solidity  of  this  new  theory,  and  its  conformity 
to  the  phenomena  of  their  own  science.  We  cer- 
tainly do  not  consider  ourselves  as  qualified  to  de- 
cide this  question. 

In  treating  of  the  recent  discoveries  concerning 
heat,  Cuvier  begins  with  remarking,  that  they  con- 
stitute a  body  of  science,  of  which  the  philosophers 
and  chemists  of  the  first  half  of  the  eighteenth 
century  had  not  the  most  distant  conception. 

^^  The  discoveries  of  Black  in  Scotland,  and 
Wilke  in  Sweden,  led  the  way  to  this  revolution, 
by  showing,  not  only  that  a  body  absorbs  a  great 
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quantity  of  heat  when  it  becomes  fluid,  and  also 
when  it  passes  into  vapour,  which  it  restores  when 
it  returns  to  its  primitive  condition,  but  also  that 
unequal  quantities  of  heat  are  required  to  increase 
the  temperature  of  different  bodies  by  the  same 
number  of  degrees.  These  truths  have  led  to  a 
great  number  of  others,  the  influence  of  which  on 
the  sciences,  on  the  arts,  and  even  the  aflbirs  of 
common  life,  is  wholly  incalculable/' 

To  these  discoveries,  if  we  add  those  of  another 
kind,  in  which  the  same  chemists  had  their  share, 
the  production  of  fixed  air  in  the  burning  of  char- 
coal by  Mr  Cavendish,  and  of  water  in  the  bum- 
ing'of  inflammable  air  by  the  same  philosopher,  and 
by  Monge,  and  also  the  augmentation  oT  the 
weight  of  metals  by  their  calcination,  and  the  ab- 
sorption of  air  at  the  same  time,  (which  last  had 
been  obseiTed  by  Mr  Boyle,)  we  have  the  consti- 
tuent parts  of  the  new  chemistry. 

^^  The  happiness  of  uniting  all  these  scattered 
rays  of  knowledge  into  one  pencil,  is  what  consti- 
tutes the  glory  of  Lavoisier.  Till  he  appeared, 
the  particular  phenomena  of  chemistry  might  be 
compared  to  a  kind  of  labyrinth,  of  which  the  deep 
and  winding  paths  had  been  trode  by  several  la- 
borious travellers  :  but  their  points  of  union,  their 
relation  to  one  another  and  to  the  system,  could 
pot  be  perceived  but  by  the  genius  which  was  able 
to  rise  above  the  edifice,  and,  with  an  eagle's  eye. 
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to  catch  the  plan  of  the  whole/'  Perhaps  some 
will  allege,  that  there  is  more  splendour  than  soli- 
dity in  the  opinion,  which  reserves  it  for  the  dis- 
covery of  facts,  and  withholds  all  praise  from  that 
of  their  relations*  Yet  we  believe,  that,  on  the 
whole,  this  is  a  fair  statement  of  the  merit  of  La- 
voisier. As  to  what  relates  to  Dr  Black,  we  hope 
that  we  are  not  influenced  by  national  partiality, 
when  we  say  that  Cuvier,  not  intentionally,  (for 
we  think  both  his  report  and  Delambre's  remark- 
able fortheirfaimess,)  has  mentioned  too  slightly  the 
discoveries  of  our  illustrious  countryman.  His  ex- 
periments on  magnesia  were  the  first  that  proved 
the  existence  of  an  aeriform  fluid  becoming  fixed 
in  a  solid  body,  and  forming  an  integrant  part  of 
it,'so  considerable  as  two-fifths  of  the  whole.  This 
was  the  first  step  to  the  creation  of  pneumatic 
chemistry. 

The  new  nomenclature  of  chemistry,  and  the  in- 
troduction of  a  perfectly  regular  and  philosophic 
language,  are  next  mentioned,  as  having  material- 
ly contributed  to  the  advancement  of  this  science. 
**  From  all  these  causes  proceed  the  great  things  it 
has  accomplished ;  almost  all  the  substances  in 
nature  have  been  examined ;  all  the  imaginable 
combinations  of  them  exhausted ;  the  number  of 
the  metals  carried  to  28,  and  of  the  earths  to  9? 
New  acids  have  been  discovered,  or  have  been 
formed^  &c.    The  names  of  Berthollet,  Fourcroy, 
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Vauquelio,  Chaptal,  Guyton,  Deyeux,  Thenard, 
among  the  French ;  of  Klaproth,  Kirwan,  Davy, 
Tennant,  and  Woliaston,  among  foreigners,  have 
been  rendered  immortal/' 

Speaking  of  the  Galvanic  electricity,  he  observes, 
that  it  opens  a  view  into  new  r^ions,  of  which  no 
one  can  venture  to  calculate  the  extent.  *^  The  most 
powerful,  perhaps,  of  all  the  agents  which  nature 
employs  in  her  operations  on  the  surface  of  the 
earthi  has  remained  unknown  till  the  present  time. 
We  have  but  just  become  acquainted  with  it.  The 
simple  juxta-position,  not  only  of  two  metals,  but 
of  two  different  bodies,  whatever  they  be,  alters 
the  equilibrium  of  the  electric  virtue  i  and  this 
alteration  can  produce  the  most  violent  motions  in 
the  animal  economy.  It  separates  the  substances 
that  are  the  most  closely  united.  At  this  moment 
it  seems  about  to  reveal  to  us  the  composition  of 
those  alkalis,  which  the  most  profound  chemistry 
had  hitherto  regarded  as  simple  bodies.  The 
names  of  Galvani  and  Volta,  who  discovered  this 
.mysterious  power ;  of  Hitter,  Nicholson,  and  above 
all  of  Davy,  who  have  recognised  and  found  out  its 
chemical  action,  will  occupy  a  large  space  in  the 
report  we  are  to  make  of  this  new  and  interesting 
portion  of  physical  science.*' 

Such  is  the  rapidity,  we  must  observe,   with 
which  this  part  of  science  is  advancing,  that  Mr 

Davy  has  actually  accomplished  the  decomposition 
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of  soda  and  potass,  since  the  time  when  this  report 
was  drawn  up ;  and  has  found  those  alkalis  to  be 
no  other  than  oxyds  of  metallic  bodies,  hitherto 
unknown.  He  has,  indeed,  found  electricity  to 
exercise  an  absolute  command  over  the  most  power- 
ful, and,  as  we  supposed,  the  most  simple  and  in* 
dependent  of  chemical  agents.  These  discoveries 
have  procured  him  the  prize  offered  by  the  National 
Institute. 

Among  the  chemical  discoveries  of  the  present 
time,  we  have  been  somewhat  surprised  to  find  no 
mention  made  of  that  of  Sir  James  Hall,  concern- 
ing the  power  of  compression  to  modify  the  effects 
of  heat.  By  subjecting  limestone  to  great  com* 
pression,  while  heated,  the  carbonic  acid  was  pre* 
vented  from  escaping  ;  quicklime  was  not  formed, 
and  the  mass  was  reduced  into  fusion.  This  is  to 
be  considered  as  a  valuable  discovery  in  chemistry, 
independently  of  all  the  applications  of  it  that  may 
be  made  to  another  science.  The  imperfect  com- 
munication that  takes  place  between  the  scientific 
world  of  France  and  England,  is  probably  the 
cause  of  this  omission. 

^^  Mineralogy  now  approaches  in  rigour  to  the 
exact  sciences ;  thanks  to  the  crystallographic  re- 
searches of  M.  Haiiy,  to  the  chemicfil  analyses  of 
Klaproth  and  Vauquelin,  and  to  the  description  of 
the  external  characters  and  the  position  of  minerals 
by  Werner  and  his  school. — The  description  of  the 

VOL.  IV.  A  a 
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relative  position  of  minerals,  has  now  become  the 
object  of  a  real  science,  and  replaces  those  illusory 
conjectures  which  have  been  called  by  the  name  of 
Geology." 

We  must  observe  with  respect  to  this  passage, 
that  we  entirely  agree  with  what  is  said  on  the 
obligation  mineralogy  has  to  Haiiy  and  Werner, 
and  the  two  chemists  mentioned  above ;  to  which 
chemists  several  others  from  this  country  might 
easily  be  added.  The  Crystallography  of  Haiiy 
furnishes  us  with  a  principle  of  arrangement  that  is 
perfect  so  far  as  it  extends,  and  one  that  defines 
accurately  those  species  into  which  minerals  are  di- 
vided. This  cannot  be  said  of  any  other  system  of 
classification ;  not  even  of  Werner's. 

As  to  what  concerns  Geology,  if  that  science  is 
supposed  to  treat  of  the  origin  of  things,  or  to  go 
back  to  a  period  when  the  composition  of  the  bodies 
which  we  call  minerals  was  different  from  what  it 
is  at  present,  we  perfectly  agree  in  thinking  that 
the  whole  is  a  most  unphilosophical  illusion,  be* 
cause  maxims  founded  on  our  experience  of  the 
present  order  of  things  cannot  apply  to  what  took 
place  before  that  order  was  established.  But,  if  by 
geology  is  meant  an  attempt  to  trace  the  laws  of 
those  changes  to  which  minerals  are  subject,  the 
changes  which  they  have  undergone  and  are  still 
about  to  undergo,  we  see  no  necessity  for  its  con- 
clusions being  illusory  and  chimerical.  Though  we 
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obserw  minerals  only  for  an  instant,  or  a  portion 
of  time  that  is  quite  evanescent,  compared  with  the 
great  cycles  in  which  the  series  of  their  changes 
must  revolve,  yet  we  may  discover  such  characters 
as  ascertain  important  facts  in  the  history  of  those 
changes.      The    preliminary  investigation  is  no 
doubt  that  which  Cuvier  points  out,— the  relative 
situation  of  the  different  kinds  of  minerals,  and  in 
general  the  accurate  description  of  their  present 
condition.     But  this  philosopher  does  not  seem  to 
be  aware,  that  there  is  in  the  very  research  con** 
ceming  the  present  state  of  minerals  as  much  dan- 
ger from  theory,  and  from  hasty  generalisation,  as 
in  the  conclusions  that  geologists  have  drawn  con- 
corning  the  past  or  future  fortunes  of  the  world. 
The  language  in  which  Werner  and  his  school 
describe  the  facts  concerning  the  mineral  kingdom 
is  full  of  theory,  and  of  theory  as  unsupported  and 
as  remote  from  experience,  as  any  thing  to  be  met 
with  in  the  Cartesian  vortices.    The  knowledge  of 
the  great  facts  therefore  concerning  the  relative 
position  of  mineral  bodies,  though  it  has  made  con- 
siderable progress,  yet,  in  our  opinion,  as  far  as  the 
observations  of  the  Wemerian  school  are  concern- 
ed, is  not  in  that  high  road  to  perfection  which 
this  learned  and  eloquent  reporter  appears  to  ima«> 
gine.     The  force  that  is  every  day  applied  to  make 
the  new  observations  agree  with  the  old,  and  to  as- 
similate the  structure  of  the  whole  world  to  that  of 
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Saxony  and  Bohemia,  is  much  more  likely  to  pro- 
duce retrogradation  than  advancement. 

Our  author  then  passes  rapidly  over  the  im- 
proyements  in  physiology,  comparative  anatomy, 
and  natural  history,  and  touches  on  the  practical 
fNnences  of  medicine  and  agriculture ;  under  the 
former  of  which,  he  particularly  mentions  vaccina* 
tion,  and  the  destruction  of  ^contagion  by  funuga^ 
tion.  He  goes  on  to  the  improvements  in  the  me- 
chanical arts,  particularly  that  of  the  stereotype 
printing,  valuable  from  the  cheapness  with  which 
it  may  be  executed ;  and  theroby  promising  to 
carry  the  works  of  genius  into  the  cottage  of  the 
peasant.  We  shall  only  take  notice  of  the  conclu- 
sion of  his  report. 

*^  Your  Imperial  Majesty  has  commanded  this 
class  to  propose  the  means  that  seem  to  it  best  cal- 
culated for  maintaining  among  those  who  cultivate 
the  sciences,  that  emulation  by  which  they  are  at 
present  animated ;  for  directing  their  efforts  to  the 
most  important  objects,  and  for  securing  to  them 
successors  of  equal  zeal  and  ability. 

*'  Without  wishing  to  anticipate  the  measures 
which  the  wisdom  of  your  Majesty  is  preparing  for 
the  public  education,  we  will  take  the  libeity,  in  our 
extended  report,  of  submitting  some  ideas  on  the 
regulation  of  the  first  or  popular  instruction  in  the 
physical  sciences,  and  for  spreading  more  effectually 
among  the  people,  the  knowledge  connected  with 
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husbandry  and  the  useful  arts.  We  have  also  propos- 
ed that  your  Majesty  should  ordain  the  drawing  up 
of  a  new  system  of  physical  existences.  Science  de- 
mands this  work ;  our  country  is  that  in  which  it 
can  be  most  easily  executed  ;  and  it  would  be  de* 
sirable  to  see  the  name  of  Napoleon,  which  is  al- 
ready placed  at  the  head  of  so  many  great  monu« 
ments,  so  many  wise  laws,  and  so  many  useful  in- 
stitutions, decorating  the  title-page  of  a  fundamen- 
tal work  in  science.  Of  all  the  establishments 
formed,  and  of  all  the  labours  undertaken  by  the 
command  of  Alexander,  Aristotle's  History  of 
Animals  is  the  only  one  which  now  remains,  an 
everlasting  testimony  of  the  love  of  that  great 
prince  for  natural  knowledge.  A  word  from  your 
Majesty  can  create  a  work  which  shall  as  much  sur- 
pass that  of  Aristotle  in  extent,  as  your  actions  sur- 
pass in  splendour  those  of  the  Macedonian  con- 
queror." 

The  answer  of  the  Emperor  is  very  short. 
<<  MM.  the  Presidents,  Secretaries,  and  De- 
puties of  the  First  Class  of  the  Institute-^ 

^<  I  was  desirous  to  hear  you  on  the  progress  of 
the  hnman  mind  in  these  later  times,  in  order  that 
what  you  should  have  to  say  to  me  might  be  heard 
by  all  nations,  and  might  shut  the  mouths  of  those 
detractors  frmn  the  present  age,  who  represent 
ki^owledge  as  retrograde,  only  because  they  wish  for 
its  extinction. 


974  REVIEW  OF  L£  COICPTE  RENDU 

'*  I  was  also  willing  to  be  informed  of  what  re* 
mained  for  me  to  do  to  encourage  your  labours,  that 
I  might  console  myself  for  not  being  able  otherwise 
to  contribute  to  their  success.  The  welfare  of  my 
people,  and  the  glory  of  my  throne,  are  equally  in- 
terested in  the  prosperity  of  the  sciences. 

*^  My  minister  of  the  interior  wiH  make  a  re- 
port on  your  demands.  You  may  constantly  rely 
on  the  effects  of  my  protection/' 

Though  we  admit  that  Delambre  and  Cuvier 
have  done  well;  the  first,  in  recommending  a 
school  for  instruction  in  the  higher  parts  of  the 
mathematics,  and  an  extension  of  those  geodetical 
operations  from  which  so  much  benefit  has  already 
resulted ;  and  the  second,  in  recommending  some, 
further  care  of  the  popular  instruction  in  agricul- 
ture and  the  arts,  as  well  as  a  new  and  fundament- 
al work  on  natural  history,  in  its  most  extensive 
sense  :-^thougb  we  are  not  disposed  to  quarrel 
with  the  high  compliment  contained  in  the  predic- 
tion, that  this  work  would  not  farther  surpass  the 
natural  history  of  Aristotle,  than  the  achievements 
of  Napoleon  have  exceeded  those  of  Alexander ; 
yet  we  are  well  aware  that  there  are  other  improve- 
ments still  more  important,  and  more  imperiously 
called  for,  which  the  spirit  of  philosophy  would  de- 
mand, if  her  real  and  unbiassed  sentiments  could 
be  conveyed  to  the  ears  of  Napoleon.  ^^  Cease,'' 
^he  would  say,  **  from  the  fatal  and  endless  pursuit 


PAR  l'iNSTITUT  DE  FRANCE.  375 

of  military  aggrandisement.  Give  peace  to  Europe, 
for  your  victories  enable  you  to  do  so  ;  and  let  the 
moderation  and  liberality  of  the  terms  ensure  its 
continuance.  Restore  that  intercourse  and  mu- 
tual confidence  among  the  nations  which  are  essen- 
tial to  their  hapjiiness,  no  less  than  to  the  advance- 
ment of  knowledge ;  and  let  their  prosperity  be 
considered  as  one  of  the  means  of  promoting  the- 
welfare  of  your  own  people.  The  sciences  will 
then  flourish  spontaneously,  and  will  require  no 
protection  but  that  which  secures  their  tranquillity 
and  independence ;  and  you  yourself  will  have  the 
felicity,  more  singular  than  all  that  you  have  yet 
experienced,  of  adding  to  the  titles  of  Hero  and 
Conqueror,  that  of  the  Father  of  your  People.** 

The  National  Institute  of  France  is  divided  into 
four  classes.  The  first,  is  that  of  the  mathematical 
and  physical  sciences ;  the  second,  that  of  the 
French  language  and  literature ;  the  third,  has  for 
its  object  history  and  ancient  literature ;  the  fourth, 
the  fine  arts.  The  two  reports  that  we  have  con- 
sidered, and  which  make  the  principal  part  of  the 
book  before  us,  are  from  the  first  class.  The  three 
others  are  of  inferior  interest ;  and,  besides,  the 
length  to  which  our  review  has  already  extended 
precludes  our  entering  on  them  particularly.  In 
the  report  from  the  third  class,  on  the  subject  of 
history  and  ancient  literature,  speculative  philoso- 
phy seems,  in  a  certain  degree,  to  be  included ; 
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and  we  find,  accordingly,  8ome  notice  taken  of  the 
revolutions  which  that  philosophy  has  undergone 
in  Germany  and  elsewhere.  The  Ecole  d'Ecosse, 
as  the  author  of  the  report  (M«  L^vesque)  is  pleas- 
ed to  call  it,  is  also  made  honourable  mention  of. 
As  no  sect  of  philosophers  is  known  in  Scotland  by 
a  name  which  we  owe  to  the  politeness  of  our 
neighbours,  we  should  have  been  at  some  loss  to 
distinguish  what  system  was  understood  by  this 
phrase,  if  we  had  not  before  met  with  it  in  the 
Histoire  Comparde  des  Systemes  de  Philosophie, 
by  M.  Degerando,  where  we  find  this  title  applied 
to  a  succession  of  philosophers  which  begins  with 
Dr  Hutcheson  of  Glasgow }  comprehends  in  it 
Reid,  Ferguson,  &c.  and  at  present  terminates  in 
Fh>fes8or  Dugald  Stewart,  to  whose  writings,  as 
Degerando  remarks,  Reid's  philosophy  owes  its 
fullest  developement,  and  the  greatest  share  of  its 
celebrity  with  foreign  nations.  Sometimes,  when 
the  same  author  speaks  more  loosely,  lie  appears  to 
include,  in  the  Scottish  school,  almost  all  the  phi- 
losophers that  have  flourished  in  that  country  since 
the  time  of  Hutcheson,  whether  they  have  support- 
ed or  combated  the  philosophy  of  Locke.  In  this 
way  he  includes  Lord  Kames,  David  Hume,  Adam 
Smith,  &c. ;  forming  a  succession  of  eminent  men, 
of  which,  in  so  short  a  period,  and  in  so  narrow  a 
country,  there  are  but  few  examples  in  the  history 
of  letters. 
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On  the  whole,  throughout  these  reports  we  find 
great  liberality  with  r^ard  to  foreign  nations ;  and 
if  more  room  is  occupied  by  French  improvements 
and  discoveries  than  by  any  other,  this  may  be  in 
reality  a  just  allotment ;  or  it  may  in  part  be  an 
efiect  of  that  perspective  which,  in  intellectual  as 
in  visible  objects,  represents  the  nearest  as  the 
largest,  so  as  sometimes  to  deceive  the  justest  eye, 
and  the  most  impartial  judgment. 

In  one  instance  we  think  that  this  fairness  is  a 
little  departed  from,  when  it  is  said  that  no  nation 
has  cultivated  historical  composition  so  much  as 
the  French,  or  produced  so  great  a  number  of  his- 
torians that  deserve  to  be  quoted.  **  It  was  to  a 
Frenchman,"  the  report  adds,  ^<  that  Italy  owed 
the  first  history  of  Rome,  written  by  a  modem } 
and  it  was  a  Frenchman  who  first  made  the  £ng« 
lish  acquainted  with  the  history  of  their  own  coun- 
try." 

Those,  however,  who  have  studied  history  in  the 
best  school,  will  not  be  very  apt  to  admit,  that  the 
dull  and  unphilosophical  narrative  of  Rapin  could 
bring  an  Englishman  acquainted,  as  he  ought  to 
be,  with  the  history  of  his  country.  Whatever 
the  French  themselves  suppose,  it  is  not  the  opi* 
nion  of  strangers  that  tliey  excel  in  historical  com- 
position. For  our  part,  we  hope  that  we  are  not 
altogether  deceived  by  national  partiality  when  we 
say,  that  we  do  not  know  three  modem  historians. 
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of  any  country,  that  can  be  compared  with  three 
of  which  this  island  boasts,  Hume,  Robertson,  and 
Gibbon.  They  are  historians  whom  no  age  but 
such  a  one  as  the  present  could  produce  :  it  is  in 
vain  to  look  for  any  thing  ancient  to  be  opposed  to 
them.  It  is  only  among  future  generations  that 
rivals  to  them  can  be  found. 

One  remark  has  struck  us  forcibly,  in  looking 
over  the  second  and  third  reports,  that  no  mention 
»  made  of  the  works  on  political  economy,  com- 
merce,  statistics,   and  the  like,  that  in  different 
parts  of  Europe,  have,  within  these  few  years,  in- 
ereased  the  mass  of  knowledge  on  all  these  sub- 
jtote.     Works  on  legislation  are  mentioned;  but 
ne  enumeration  is  subjoined.     We  do  not  observe 
that  Malthus's  Essay  on  Population  is  any  where 
taken  notice  of.     All  this  looks  as  if  there  were  a 
class  of  subjects,  and  one  too  of  the  highest  import- 
ance to  society,  that  is  at  present  interdicted  in 
France.     This  is  weak  policy,  and  unworthy  of  a 
great  monarch.     The  subjects  prohibited  will  be 
only  so  much  the  more  forcibly  imprinted  on  the 
minds  of  the  people.     They  will  be  like  the  statues 
which  the  jealousy  of  a  Roman  emperor  excluded 
from  a  procession  in  which  they  had  a  right  to  ap- 
pear— "  Prsefulgebant  Cassius  atque  Brutus, — eo 
ipso  quod  effigies  eorum  non  visebantur.'' 

But  whatever  be  the  case  with  this  branch  of 
knowledge,  it  is  but  fair  to  state,  that  the  physical 
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and  mathematical  sciences,  mnd  many  parts  of  li- 
terature, have  been  cultivated  in  France  and  in  the 
rest  of  Europe,  to  great  ^eflfect,  during  the  last 
nineteen  years,  notwithstanding  the  agitation  and 
distress  which  have  every  where  prevaded.  We 
are  certainly  not  of  the  number  to  whom  the  £m* 
peror  alludes,  who  pretend  that  science  is  reCNK 
grade,  because  they  wish  it  to  be  extinguished* 
We  rejoice  to  think  that  it  cannot  be  extinguish- 
ed ;  and  that  this  is  a  revolution  which  no  indivi* 
dual  is  sufficiently  powerful  to  e£Pect.  Indeed,  we 
have  reason  to  think,  that  those  branches  of  know- 
ledge that  are  least  favoured  by  the  Emperor,  and 
to  which  his  protection  is  not  extended,  are  at  this 
moment  studied  in  France  with  great  assiduity. 
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LAMBTOJTS  INDIAN  SURVEY, 


The  measurement  of  the  distance  between  the  me- 
ridians of  Paris  and  of  Greenwich  in  1787>  formed 
a  new  era  in  the  art  of  Trigonometrical  Surveying. 
The  instruments  employed  in  that  operation  were 
of  such  a  superior  construction,  as  to  a£Pord  a  mea- 
sure of  many  quantities  which  were  before  only 
known  from  theory  to  exist.  Though  it  was  perfect- 
ly understood  that  the  three  angles  of  a  triangle  on 
the  surface  of  a  spherical  body  like  the  earth,  must 
necessarily  exceed  two  right  angles,  yet  a  quantity 
so  minute  as  to  bear  the  same  proportion  to  four 
right  angles  which  the  area  of  the  triangle  bore  to 
half  the  superficies  of  the  globe,  had  eluded  the 
best  instruments  yet  applied  to  the  purposes  of 
practical  geometry.  It  was  not  till  the  survey  just 
mentioned,  that  the  new  theodolite  of  Ramsden,  in 

•*  From  the  Edinburgh  Review,  Vol.  XXI.  (1813.)— Ep. 


384  REVIEW  OF  LAMBTOn's  8URVET 

the  hands  of  General  Roy,  and  the  repeating  circle 
of  Borda,  in  those  of  the  French  mathematicianSy 
were  able  to  measure  a  quantity,  where  even  frac- 
tions of  a  second  must  be  accurately  ascert»ned. 
The  exquisite  division  of  the  former  of  these  in* 
struments,  and  the  power  possessed  by  the  latter, 
of  not  only  measuring  any  angle,  but  any  multiple 
of  it,  and  any  number  of  multiples,  rendered  them 
perfectly  equal  to  such  delicate  observations.     The 
advantage  of  this  was  quickly  perceived ;  for  the 
spherical  excess,  or  the  excess  of  the  three  angles 
of  the  triangle  above  two  right  angles,  d^nding 
entirely  on  the  area  of  the  triangle,  could  be  esti- 
mated with  sufficient  accuracy  before  the  angles 
were  correctly  determined,  and  therefore  might 
serve  for  a  check  on  the  observations,  as  effectual 
as  that  which  is  furnished  by  the  well  known  pro- 
perty of  plane  triangles,  that  the  three  angles  are 
always  equal  to  180  degrees.  This  was  remarked  by 
General  Roy,  and  applied  to  the  purpose  of  esti- 
mating the  accuracy  and  correcting  the  errors  of 
his  observations.     The  French  geometers  carried 
their  views  farther ;   and  in  seeking  to  turn  the 
knowledge  of  this  limit  to  the  greatest  advantage, 
Legendre  discovered,  that  if  each  of  the  angles  of 
a  small  spherical  triangle  be  diminished  by  one- 
third  of  the  spherical  excess,  their  sines  become 
proportional  to  the  lengths  of  the  opposite  sides  of 
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the  triangle,  so  that  the  ratios  of  the  sides  may  be 
found  by  the  rules  of  plane  trigonometry. 

In  a  science  where  all  the  parts  are  necessarily 
connected  with  one  another,  one  improyement  can 
seldom  fail  of  leading  to  many  more.     It  now  he* 
came  evident,  that  to  carry,  through  the  whole  prow 
cess  of  a  trigonometrical  survey,  the  same  accuracy 
that  was  employed  in  measuring  the  angles  of  the 
trian^es,  methods  of  calculation  must  be  introdue* 
ed  to  which  it  was  before  quite  unnecessary  to  re- 
sort.    Thus,  if  the  object  was  the  measurement  of 
an  arch  of  the  meridian,  the  reduction  of  the  sides 
of  the  triangles  to  the  direction  of  that  line,  by  the 
usual  method  of  letting  fall  perpendiculars  on  it« 
from  the  extremities  of  those  sides,  and  finding  the 
lengths  of  the  parts  intercepted,  by  the  rules  of 
plane  trigonometry,  did  not  possess  a  degree  of  ac* 
curacy  equal  to  that  which  belonged  to  other  parti 
of  the  process.     The  perpendiculars  drawn  to  the 
meridian  from  any  two  points  are  not  in  strictness 
to  be  r^rded  as  straight  lines,  but  as  arches  of 
two  great  circles  perpendicular  to  it,  which  would 
meet  if  produced  in  the  pole  of  the  meridian,  or  in 
the  point  of  the  horizon  which  is  due  east  or  west 
from  the  place  of  observation.     It  is  therefore  l^ 
the  solution  of  a  spherical  triangle,  of  which  the 
sides  are  nearly  quadrants  and  the  base  very  small, 
that  the  reduction  required  is  to  be  made.     This  is 
the  method  followed  by  Delambre  in  the  measure- 
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ment  of  the  great  arch  of  the  meridian  carried 
across  France,  for  the  purpose  of  determiiuiig  the 
length  of  the  tnitre.  It  is  a  refinement  which  was 
not  thought  of  by  General  Roy  ;  and.  we  are  not 
sure  that  it  has  been  followed  by  any  of  the  geo- 
meters who  succeeded  him  in  the  conduct  of  the 
British  survey.  It  is  one  however  which,  when 
the  utmost  accuracy  is  aimed  at,  ought  not  to  be 
neglected,  especially  in  high  latitudes,  where  the 
convei^ncy  of  the  meridians  is  considerable. 

Another  refinement,  which  one  should  suppose 
might  be  even  more  easily  dispensed  with  than  the 
former,  applies  to  the  measurement  of  the  base 
from  which  the  sides  of  the  triangles  are  determiur 
ed.  That  line  is  usually  measured  by  placing  rods 
of  equal  lengths,  or  chains  stretched  with  great 
care,  at  the  ends  of  one  another,  for  a  distance  of 
five  or  six  miles.  It  has  been  usual  to  consider 
the  base,  thus  measured,  as  a  straight  line,  the 
length  of  which  is  just  equal  to  the  sum  of  the 
lengths  of  all  the  rods  or  chains  which  have  been 
consecutively  placed  at  the  ends  of  one  another. 
The  truth  however  is,  that  these  rods  have  not 
been  placed  exactly  in  the  same  straight  line,  and 
that  they  constitute  the  sides  of  a  polygon  inscrib- 
ed in  a  circle,  the  radius  of  which  is  the  radius  of 
curvature  of  the  earth  at  the  point,  and  in  the  di- 
rection in  which  the  base  is  extended.  The  line 
measured  is  therefore,  in  fact,  an  arch,  passing 
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through  the  angles  of  this  polygon  ;  and  this  arch, 
which  is  the  real  base,  is  longer  than  the  sum  of 
the  rods  or  chains.  It  is,  however,  easy  to  see 
that  the  deduction  of  the  real  length  from  the  ap- 
parent, is  not,  in  this  case,  a  matter  of  much  diffi- 
culty. 

There  is  another  way  of  including  these  correc- 
tions, which  has  been  thought  preferable  by  some 
geometers,  and  is  xecommended  by  the  authority  of 
Delambre.  According  to  it,  the  spherical  angles, 
or  those  actually  measured,  are  reduced  to  the  an- 
gles of  the  chords ;  and  thus  the  lengths  of  the 
chords  are  calculated  by  plane  trigonometry,  and 
thence  the  lengths  of  the  arches  themselves  are  af- 
terwards deduced.  The  base,  measured  as  abov^ 
is  also  reduced  on  the  chord.  This  method,  though 
less  direct  than!  the  former,  has  considerable  ad- 
vantages in  calbiilation.  It  was  followed  by  Ma^ 
jor  Lambton  in  the  survey  of  which  we  are  now  to 
treat. 

A  third  source  of  inaccuracy^  which  had  never 
before  been  thought  of,  drew  the  attention  both  of 
the  French  and  English  mathematicians  engaged 
in  the  survey.  Triangles,  as  we  have  seen,  on  the 
surface  of  the  earth,  cannot  be  regarded  as  plane 
triangles,  because  the  plmnmets  at  the  three  angu^ 
lar  points  are  not  parallel  to  one  another,  and  of 
course,  the  theoddites  at  these  three  stations  can 
neither  be  in  the  same,,  nor.  in  parallel  planes.  But 
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neither  can  thej  ^waya  lie  regarded  aa  spherical 
triangles  ;  for  the  pluumeta  at  the  thsee  angles  of 
the  triangle  do  not  all  tend  to  the  same  point  in 
•t)ie  interior  of  the  earth ;  and»  in  some  cases,  do 
not  any  one  of  them  interseet  another*  Spheroidal 
triangles  must  therefore  differ  from  spherical ;  and 
though,  in  such  triangles  as  namliy  occiir  in  a  tri- 
gonometrical surrey,  the  diffierenoe  is  of  no  so- 
ooont,  yet  there  is  one  case  where  it  can  by  no 
jneans  be  neglected.  This  haf^ens,  when  the 
bearings  of  any  obtuse  line,  or  rather  arch,  with 
respect  to  the  medians  that  pass  through  its  ex- 
tremities, are  known,  and  also  the  latitude  of  one 
of  those  extremities,  and  it  is  reqqired  to  find  Ae 
difference  of  the  longitude  of  the  said  extremitiea, 
or  the  angle  which  the  meridians  passing  through 
them  make  with  one  another  at  the  pole.  If  the 
base  of  this  triangle  is  considerable,  and  very  ob- 
lique to  the  meridians,  the  directions  of  gravity  at 
its  extremities  will  not  intersect  the  earth's  axis  in 
the  same  point, — and  the  difference  may  be  so 
great  that  it  cannot  be  n^Iected  in  calculation. 

These  corrections  have  all  beeti  taken  into  ac- 
count, and  the  application  of  them  fully  exemplifi- 
ed, in  the  measurement  of  th^  great  arch  between 
Dunkiric  and  Formentera,  (the  southernmost  of  the 
Balearic  Isles.)  Indeed,  the  book  in  which  the 
ficts  and  investigations  respecting  this  measure- 
ment have  koen  recorded  by  the  French  mathema- 
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ticiaas,  the  Base  M^trique,  is  one  of  the  most  rw- 
luabl^  works  which  has  yet  distinguished  the  be^ 
gini^ing  of  the  nineteenth  century. 
.  Mi^or  Lambton^  who,  iii  1801,  proposed  the 
survey  of  the  Peninsula  of  India,  was  fully  aWare 
of  all  those  new  improvements,  and  perfectly  pre* 
pared  for  carrying  them  into  effect.  It  is  indeed 
much  to  the  credit  of  the  British  army»  that  in  a 
detachment  of  it,  in  a  distatit  country,  an  officer 
should  be  found  already  prepared  for  a  service  im- 
plying such  scientific  acquirements,  as  nothmg  but 
the  strong  impulse  of  genius  could  have  rendered 
compatible  with  the  duties  or  the  amusements  of  a 
military  life. 

The  plan  having  been  first  approved  by  the  go- 
vernor of  Madras,  and  afterwards  communicated  to 
the  Asiatic  Society,  was  published  in  the  7th  vo- 
lume of  their  Researches.  The  recent  conquest  of 
the  Mysore  had  just  opened  the  interior  of  the 
country,  and  made  it  practicable  to  join  the  coasts 
of  Malabar  and  Coromandel,  by  a  series  of  trian- 
gles which  might  be  extended  on  the  south,  to  the 
extremity  of  the  Peninsula,  and  to  an  indefinite 
distance  on  the  north.  It  was  proposed  to  execute 
the  work  on  a  plan  similar  to  that  pursued  in 
France  and  England,  paying  attention  to  the  sphe- 
rical excess,  the  spheroidal  figure  of  the  earth,  and 
the  other  circumstances  which  have  just  been  men-* 
tioned.    The  India  Company  furnished  the  Major 
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with  the  best  instruments  that  could  be  procured  j 
and  indeed  it  is  but  justice  to  remark,  that,  in 
whatever  concerns  geographical  improvement,  the 
liberal  and  enlarged  views  of  the  present  rulers  of 
India  cannot  be  too  highly  commended.  *  At 
the  present  moment,  no  country  in  the  world,  ex- 
cept France  and  England,  has  its  geography  as- 
certained by  a  survey  so  accurate  and  extensive  as 
that  of  which  we  are  here  to  give  an  account. 

The  instruments  used  in  the  Indian  survey,  are 
of  the  same  kind  with  those  employed  in  the  Bri-p 
tish.  The  theodolite  is  one  made  by  Gary,  after 
the  model  of  that  invented  by  Ramsden,  and  de- 
scribed by  General  Roy  in  the  Philosophical  Tranfr> 
actions  for  1790,  with  some  additional  improve- 
ments.    The  instrument  for  the  celestial  observa* 


*  They  have  sent  out  parties,  in  all  directions,  for  the 
purpose  of  ascertaining  the  bearings  and  distances  of  the 
places  which  compose  or  limit  their  extensive  dominions.  A 
late  volume  of  the  Asiatic  Researches  contains  an  account 
of  the  nuirch  of  an  officer,  at  the  head  of  a  detachment,  into 
one  of  the  most  remote  and  unknown  districts  of  India,  for 
no  other  purpose  but  to  decide  a  question,  interesting  only 
to  philosophers,  y^z*  Whether  the  Qanges  rises  within  or 
without, — that  is,  on  the  south  or  the  north  side  of  the  great 
chain  of  Himmaleh,  the  Snowy  Mountains,  or  the  Immaus 
of  the  ancients  ? — There  are  but  few  of  the  most  enlighten-r 
ed  cabinets  in  Europe  which  can  boast  of  an  expeditipQ 
equally  disinterested  and  meritorious. 
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tions,  was  a  zenith  sector  of  five  feet  radius  by  the 
same  artist ;  it  is  capable  of  ascertaining  small 
fractions  of  a  second,  and  appears  to  be  an  excel* 
lent  instrument,  though  not  so  large  as  that  used 
in  the  British  sunrey.  The  chains  employed  in 
the  measurement  of  the  bases,  were  also  similar  to 
Ramsden's.  That  every  source  of  error  might,  as 
far  as  pos^bie,  be  removed,  the  angles  were  usual- 
ly taken  three  or  four  times ;«— at  each  time  the 
angle  was  read  off  from  the  opposite  microscopes  of 
the  theodolite,  and  the  results  set  down  in  two  se- 
parate field-books.  The  mean  of  the  numbers 
from  the  two  books,  are  those  employed  in  the  cal- 
culation, and  recorded  iu  the  printed  table  of  ob- 
servations. 

In  a  survey  of  the  kind  here  proposed,  four  se^ 
parate  processes,  different  in  themselves,  and 
dii*ected  to  distinct  objects,  are  necessary  to  be 
combined.  The  first  is  the  measurement  of  a  base^ 
or  of  more  bases  than  one,  each  of  which  must  be 
a  straight  and  level  line,  at  least  five  or  six  miles 
long.  This,  it  has  been  usual  to  measure,  by 
placing  straight  rods,  sometimes  of  deal,  sometimes 
of  metal,  or  even  of  glass,  all  of  tiie  same  lengthy 
one  at  the  end  of  another,  each  supported  hori^ 
mentally  along  the  whole  line*  It  was  found  by 
General  Roy,  that  a  steel  chain,  made  in  a  parti- 
cular manner,  somewhat  like  a  watch  chun,  and 
stretched  in  a  wooden  trough,  by  weights  that  are 
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alwi^  the  same,  is  not  less  to  be  depended  on  thaa 
the  rodsy  and  is  hr  more  convenient*  This  method 
4f  measuring  the  base  was  employed  by  Miyor 
Xiambton,  and  he  considered  the  base  be  had 
jpeasuredi  confdnnably  to  what  is  before  mention* 
edy  as  a  polygon  or  a  series  of  chords  inscribed  in  a 
circle,  as  many  in  number  as  there  have  been 
chains.  The  real  base  is  the  circular  arch  in  which 
these  chords  ai*e  inscribed. 
. ,  The  next  part  of  the  process  is  the  formation  of 
a  series  of  triangles  which  go  from  hill  to  hill|  over 
the  whole  space  to  be  included  in  the  survey,  and 
having  the  base  already  measured,  for  a  side  of  one 
of  them.  In  each  triangle  the  angles  are  to  be 
taken,  and  then,  by  trigonometry,  their  sides  can 
be  determined  :  The  whole  may  be  laid  down  on 
paper  ;  and  the  position  of  every  point  within  the 
survey  may  be  found,  with  respect  to  every  other. 
This  is  sufficient,  therefore,  for  determining  the 
position  and  magnitude  of  every  line,  and  every 
figure,  within  a  given  extent ;  but  it  does  not  de- 
termine the  position  of  the  tract  surveyed,  in  re- 
spect of  the  other  parts  of  the  earth's  surface.  It 
^oes  not  determine  its  situation  in  respect  of  the 
quarters  of  the  heavens,  in  respect  of  the  parallels 
of  latitude,  or  in  respect  of  the  different  meridians 
which  divide  the  surface  of  th^  globe  from  north 
to  south.  The  first  of  these  ol\jects  is  obtained  by 
observing  carefully  the  azimuths  of  one  or  more  of 
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the  sides  of  the  triangles,  that  is,  their  bearings 
with  respect  to  the  meridian.  This  serves  to  phce 
the  whole  in  its  due  direction  with  respect  to  the 
cardinal  points,  or  to  orient  the  plan,  if  we  may 
borrow  a  term  from  the  French,  which  we  wish  we 
had  weight  enou^  to  introduce  into  our  own  Ian* 
guage«*. 

The  next  thing  to  be  done,  is  to  place  the  tract 
surveyed,  between  the  same  two  parallels  of  latitu^ 
o<i  the  artificial  globe,  which  it  actually  lies  between 
on  the  surface  of  the  earth.  This  is  done,  by  oIk 
serving  the  latitude  at  any  two  stations  in  the  suf* 
vey,  at  a  considerable  distance  north  or  south  £nom 
one  another.  If,  when  this  is  performed,  the  dis* 
tance  between  the  two  places  reduced  to  the  direc- 


*  Wc  want  very  much  a  verb  to  denote  the  Mfit  of  deter<r 
mining  the  position  of  a  line,  or  a  system  of  lines^  in  respect 
of  the  quarters  of  the  heavens.  The  French  use  the  word 
orient er  for  this  purpose ;  and  we  propose  to  translate  this 
by  the  phrase  to  orient.  The  English  language  is  remark- 
ably poor  in  words  denoting  position  ki  respect  of  the 
•bfSv^ns.  Our  sailors  have  been  obliged  to  borrowthe harsh 
term,  rkumb,  from  the  Portuguese ;  to  deDote,  by  a  ffngle 
word,  the  point  of  the  compass  on  which  a  ship  sails.  la 
Scotland  they  use  the  word  airth  or  atri,  for  the  same  pur- 
pose ;  and  sometimes  convert  it  into  a  verb,  to  airi,  or  tenter, 
or  to  orient.  The  Scots  term,  however,  is  fieither  of  so 
good  a  sound,  0r  ^  dassioal  an  origin,  as  that  which  we 
propose  to  introduce. 
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iHm  of.the.sieridian  be  computed,  we  hxte  the 
meamire  of  a  degree  ;  which,  therefore,  is  a  thing 
almost .  necessarily  implied  in  a  trigonometrical 
sunrejr*/  -i 

'J ''/The  position:  of  the  whole  then,  as  to  its  dis- 
tance from  the  equator,  or  fro^t,  the  pole,  is  thus 
found  ;  but  its  distance  east  or  west,  from  some 
given  meridian,  that  is  to  say,  its  longitude,  remains 
te  be  determined }  and  this  must  be  settled  by  the 
comparison  of  the  time  in  some  point  within  the 
«rvey.  m£k  the  time  as  reckoned  under  the  given 
meridian.;  To  all  these /ofagects  Major  Lambton 
has  directed  his  observations,  and,  we  think,  with 
rem^kafale  success. 

-•:  The  basej  was  measured  on  a  plain  near  Madras, 
at  no  great  distance  from  the  shore,  and  nearly  on 
the  level  of  the  sea,  in  spring  1 802.  The  length 
of  the  base,  reduced  to  the  level  of  the  sea,  and  to 
the  temperature  of  62®,  is  40006,44  feet,  or  7,546 
miles ;  the  latitude  of  the  north  end  wa3  13®  0^ 
29'",  (^v^^m/ic  Researches,  Vol  VIII,  p,  149, 
&c* ;)  and  it  made  an  angle  of  little  more  than 
12^  with  the  meridian.  From  this  a  series  of  tri- 
angles was  carried,  about  85  miles  eastward,  north 
as  far  as  the  parallel  of  13®  19^  49^^  N.,  and  south 
to  Cuddalore,  latitude  J  V  ^i'  53",  embracing  an 
extent  of  about  3700  square  miles.  The  triangles 
seem  well  contrived  for  avoiding  very  acute  and 
very  obtuse  angles  j  the  sides  of  many  are  from  30 
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to  40  miles  in  length,  which  indicates  a  fine  cliniate» 
where  the  air  is  very  transparent,  and  a  eouniry 
where  hills  of  considerable  elevation  are  easy  to  be 
found.     In  computing  the  sides.  Major  Lambton 
reduced  the  observed  angles  to  the  angles  of  the 
chords,  according  to  the  method  of  Delambre ; 
and  though  he  computed  the  spherical  excess,  hie 
did  not  use  it  in  any  other  way  than  as  a  measure 
of  the  accuracy  of  his  observations.     The  know- 
ledge  of  this  spherical  excess  enables  one,  from 
having  two  angles  of  a  spherical  triangle,  such  as 
occurs  in  the  survey,  to  find  the  third,  though  it 
be  not  observed.     This  is  a  facility  of  which  a  career 
ful  observer  will  avail  himself  a8>  seldom  as  possible, 
as  it  deprives  him  of  the  check  by  which  the  errors  in 
the  angles  might  be  detected.     The  difficulty  of  the 
country  often  proves  a  temptation  to  make  use  of  it 
in  this  way,  so  as  to  avoid  the  necessity  of  carrying 
the  theodolite  to  the   more  inaccessible  points^ 
Major  Lambton  has  no  appearance  of  a  person  who 
would  save  labour  at  the  expence  of  accuracy; 
and,  whenever  he  has  omitted  to  take  all  the  three 
angles  of  a  triangle,  we  believe  that  it  has  arisen 
from  the  necessity  of  the  case.     The  chords,  which 
were  the  sides  of  the  triangles,  were  then  convert* 
ed  into  arches ;  and  as  by  a  very  judicious  arrange* 
ment,  which,  however,  is  not  always  practicable. 
Major  Lambton  had  contrived,  that  the  sides  of  the 
four  triangles  which  connected  the  stations  at  the 
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aouth  tnd  north  extremities  should  lie  rerj  near- 
1 J  in  the  diiiection  of  the  meridian,  their  sum,  with 
rttf  little  reduction,  gave  the  length  of  the  inter^ 
cepted  arch>  which  was  thus  found  to  be  057^1 .9^ 
fiUhoins* 

By  a  sieries  of  observations  for  the  latitudct  at 
the  extremities  of  this  arch  made  with  the  senith 
sector  above  mentioned,  the  amplitude  of  the  arch 
was  found  to  be  1  "".dSSdS,  by  which,  dividing  the 
kngth.of  the  arch  jurt  mentioned.  Major  Lambton 
obtained  60494  fathoms  for  the  degree  of  the  me* 
ridian,  bisected  by  the  pandlel  of  L9p  S8f.  This, 
till  the  survey  was  extended  farther  to  the  souths 
was  the  degree  nearest  to  the  equator,  (except  that 
in  Peru,  almost  Under  it,)  which  had  yet  been  mea- 
sured, and  was,  on  that  account,  extremely  ia* 
teresting. 

The  next  object  was  to  measure  a  degree  per* 
pendicular  to  the  meridian,  in  the  same  latitude* 
This  degree  was  accordingly  derived  from  a  dis« 
tance  of  more  than  55  miles,  between  the  stations 
at  Carangooly  and  Camatighur,  nearly  due  east 
and  west  of  one  another.  Very  accurate  mea- 
sures of  the  angles,  which  that  line  made  with  the 
Hleridian  at  its  extremities,  were  here  required } 
and  these  were  obtained,  by  observations  of  the 
pole  star,  when  at  its  greatest  distance  from  the 
meridian.  For  this  purpose,  a  lamp  was  lighted, 
or  the  blue  lights  were  fired  at  a  given  station,  the 
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of  which  was  found  by  the  pole  star  obser- 
iratiotiB,  and  afterwards  its  bearing  in  respect  of 
the  line  in  question.  Tlius  the  angle  which  thl^ 
meridian  of  Carangooly  makes  at  the  pole,  with 
that  of  Camatighur,  or  the  difference  of  longitude 
of  these  two  plitees,  was  computed.  It  was  then 
eiusy  to  calculate  the  amplitude  of  the  arch  be^ 
'tween  them ;  and  thence  the  degree  perpendicular 
to  the  meridian  at  Carangdoly,  was  found  to  be 
61061  fathoms. 

With  regard  to  the  measure  of  this  perpendicu- 
\&r  degree,  we  confess  that  we  do  not  see  reason  to 
place  great  confidence  in  it,  notwithstanding  omr 
high  opinion  of  the  obserrer.  The  method  of  de- 
termiaing  the  difference  of  longitude^  by  the  COQ- 
^rgeUcy  of  the  meridians,  or  the  angles  they  make 
with  a  line  intersecting  them,  is  not  easily  aj^Kca- 
ble  in  low  latitudes,  or  in  places  near  to  the  eqpML 
Cor ;  because  there,  a  very  small  error  in  the  oh- 
aervation  of  the  azimuths,  most  produce  a  very 
gre«t  one  in  the  difference  of  longitude.  The  con- 
vergency  of  the  meridians  is  so  small,  m  the  pm. 
sent  instance,  that  if  a  line  were  to  be  ^wn 
through  Carangooly  parallel  to  the  meridian  of 
Camati^ur,  it  would  not  make  with  the  fwrnk* 
^u  angle  of  one  minute.  A  very  small  ertot^ 
therefore,  in  ascertaining  the  mgle  which  ihtmt 
lines  make  with  a  third  line,  must  greatly  ^IBSbct 
the  quantity  of  the  angle  which  they  make  with 
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one  aiiother.  This  is  also  evident  from  consider- 
ing, that  at  the  equator,  all  the  meridians  make 
right  angles  with  the  line  from  east  to  west,  aad 
have  thetijefore  no  convergency  at  all.  Th^  pro* 
Uem  of  determining  the  difference  of,  the  longi* 
.tude,  or  the  arch  of  the  equator,  by  the  angles 
which  it  makes  with  the  meridian,  comes  here  un- 
der the  porismatic  or  jndetenqinatQ  case,  whe^np 
the  data  can  lead  to  no  definite  conclusion.  This 
is  evidently  true  at  the  equator ;  and  we  are  con . 
stantly  coming  nearer  to  thii^  condition  ^f  things, 
las  we  come  nearer  to  that  ciixde.  The  porismt^tic 
case  of  a  problem,  like  every  other,  does  not  arise 
all  at  once,  but  comes  on  by  gradations ;  every  ap- 
.  preach  to  the  state  in  which  the  thix^  sought  is 
quite  indeterminate,  being  marked  by  the  greater 
looseness  and  inaccuracy  of  the  determination  ac- 
tually given. 

Of  the  degree  of  the  perpendicular  as  here  given, 
viz.  61061  fathoms,  we  have  farther  to  remark, 
.that  when  compared  with  the  degree  of  the  meri- 
dian, it  brings  out  the  compression  at  the  poles 
equal  to  -7—,  which  is  certainly,  much  too  great. 
But  if  it  be  diminished  by  200  fathoms,  and  re- 
duced to  6O86I,  as  an  ingenious  writer  CPhil. 
.Trans.  1812,  p.  342)  contends  that  it  ought  to  be, 
on  account  of  an  error  in  calculation,  which  has 
escaped   Major   Lambton,  it  gives  for  the  com- 
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pression  j^^,  which  is  probably  not  f|ur  firpm  tbe 
trath.--     -  '.'"•'  »  ■         ■'•'.:  ::.■■•! 

The  measures  of  which  we  halve  b^en  givi^/m 
account}  were  made  in  ISOi) ;  the  next»:  €if  which 
we  are  informed  in  the  tenth  volume;  were  in  ISOQ, 
when  the  series  of  jtriangles  was  carried  quite  acrots 
the  Peninsula  to  the  Malabar  coast,  which  they  in- 
tersected at  Mangalore  on  the  north,  and.  TiUj^ 
cherry  on  the  south.  ;  In  this  tract  they  df  Qolnfi^ 
passed  over  the  Ghauts,  so  remarkable' both  iatb0 
natural  and  civil  history  of  Hindo^stan  ;  and  as  th^ 
stations,  most  probably,  are  the  tops  of  sonde  of  the 
highest  mountains,  their  heights  may  serve  to  give 
some  idea  of  the  general  elevation  of  the  chain^ 
The  most  considerable  are,  Soohramanee  and 
Taddiandample,  in  the  western  Ghaut,  not. very 
far  from  the  coast,  the  former  55SS  feet,  and  the 
latter  5682  above  the  level  of  the  sea.  ,  G)n8ideiy 
able  difficulty  could  not  fi^il  to  be  experienced  in 
.conducting  the  survey  across  these  mountains.    /, 

^^  I  had  laid  (says  the;MAJor)  the  foundation iw 
a  southern  series  of  triangles,  to  be  carried  through 
the  Koorg,  to  Mount  Delli,  (on  the  coast,)  .wbidi 
was  rendered  practicable  by  tl^  assvstanoe  afP<>rde4 
me  by  the  Koorg  Rajah,  to  whose  libera):  aid.  I  toan 
indebted  for  the  successful  means  I  had  in:  ^arr^ 
ing  the  triangles  over  those  stupendous  mountains." 
Vol.  X.  p.  295. 

The  heights  of  the  stations  were  all  determined 
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from  the  distances  and  obserred  anglea  of  deva^ 
tion ;  and  it  is  no  small  proof  of  accuracy,  that 
after  ascending  the  chain  of  the  Ghants,  from  the 
Coromandel  coast  on  the  east,  and  descending  from 
it  to  the  level  of  the  sea  on  the  Malabar  coast,  a 
distance  in  all  of  more  than  S60  English  mile?, 
they  foond  the  mxm  of  all  the  ascents,  and  of  all  the 
descents,  reckoned  from  the  level  of  the  sea,  to 
dtffer  fix)m  one  another  only  by  eight  feet  and  a 
half.  This  is  the  more  remarkable,  that  the 
angles  of  elevation  and  depression,  on  account  of 
the  refraction,  are  the  parts  of  trigonometrical 
measurement,  in  which  error  is  most  difficult  to  be 
avoided.  In  every  case  the  angles  of  elevation  and 
depression  between  the  same  objects  were  con- 
stantly measured )  and  thence  the  refrtiction  was 
determined ;  the  double  of  it  being  equal  to  the 
apparent  elevation,  plus  the  horizontal  distance  in , 
minutes,  minus  the  apparent  depression.  The  re- 
fraction seems  to  have  varied  from  |  to  ^^  of  the 
horizontal  arc  ;  but  as  the  heights  of  the  barome- 
ter and  thermometer,  at  the  time  the  angles  were 
measured,  are  not  put  down,  no  inference  can 
be  drawn  as  to  the  relation  between  the  density 
of  the  air  and  the  quantity  of  the  terrestrial  re- 
fraction. 

iVom  the  triangles  thus  carried  across  the  Penin- 
sula, a  correct  measure  of  its  breadth  was  obtained, 
and  one  considerably  diffident  from  what  was  be- 
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foro  auppoaecU  The  disttuoe  from  Madras  to  the 
(^polite  coast,  in  the  same  parallel,  k  3G0  miles 
irery  nearly ;  the  best  maps,  till  then,  made  it  exr 
ceed40a 

It  now  became  proper  to  measure  a  second  base 
in  the  i|iterior  of  the  country,  winch  was  accord^ 
ingly  done  neur  Bangalore,  dbout  T70  miles  west 
froBi  Madraa,  not  far  from  which  the  first  base  was 
meaaured.  The  exeoUion  of  the  work  was  cesa* 
mitted  to  liei^nant  Warren  of  the  33d  R^- 
meat ;  and  no  better  proof  of  the  accuracy  of  th« 
whole  combined  operation  is  necessary,  than  that 
when  the  length  of  thisbase  was  deduced  from  the 
baae  at  Maihraa,  I70  miles  distant,  by  means  of  the 
intensening  trian^es,  the  oomputation  exceeded 
the  actual  measurement  only  by  3*7  inches.  The 
length  of  this  base,  reduced  to  the  level  of  the  sesi 
is  39793.7  fathoms  =  7.536  miles.  The  same  pre* 
cantions  were  employed  h^ne  as  in  the  preceding 
measuisment,  and  even  with  increased  attention* 
For  ascertaining  the  latitudes  with  the  senith  sector^ 
a  number  of  different  stars  were  observed;  the  sam^ 
stars  were  obacrved^  at  both  stations,  a  great  psacif 
difierent  times,  alternately,  with  the  face  of  1^  iur 
stnnnent  toward  the  east  and  towatd  the  west ;  m 
that  the  ercor  of  the  lineof  colUmeCian  wasicomplete* 
ly  destroyed.  The  observax^ns,  with  the  face  of  the 
instnunent  turned  the  same  way,  are  usually  very 
nesr  to  one  anfrther ;.  so  that  im  ^urer  *of  a  secqnd  in 
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the  determination  oithe  latitude,  can  Iiardiy  be  sap^ 
posed.  From  these  observations,  the  d^ree  of  the 
meridian  came  out  601«93  fathoms,  in  kt.  12^55'  l(y\ 
The  next  thing  attempted,  was  the  determina* 
tion  of  a  degree  perpendicular  to  the  meridian  in 
the  above  latitude,  which  is  that  of  Savendroog, 
not  far  from  Bangalore.  Here,  again,  though  the 
operation  is  conducted  with  all  possible  care,  and  in 
circumstances  that  Major  Lambton  thought  more 
favourable  to  accuracy  than  the  former  measure- 
ment of  the  perpendicular,  a  siimlar  uncertainty 
takes  place  as  to  the  result.  The  degree  perpendi- 
cular  to  the  meridian  at  the  place  just  named,  was 
found  to  be  60747*8  fathoms ;  on  which  Major 
Lambton  remarika,  that  taking  the  ratio  of  the 
earth's  diameters  to  be  1  to  1.003125,  and  the  me* 
ridional  degree,  in  lat.  IQ^  56'  \Ql\  to  be  60^8 
fathoms,  the  degree  of  the  perpendicular  will  come 
out  608d8  fathoms,  which  e;cceeds  the  measured 
degree  by  110  fathoms ;  so  that  it  may  be  inferred, 
either  that  the  earth  is  not  an  ellipsoid,  or  that  this 
measure  is  incorrect.  We  already  stated  our  ob- 
jections to  the  degree  of  a  peipendicular  arch,  as* 
certained  by  the  convergency  of  meridians  in  such 
low  latitudes.  The  Major  himself  seems  to  think 
that  no  great  reliance  can  be  had  on  results  so  ob- 
tained. **  The  great  nicety,'*  he  says,  "  in  mak- 
ing the  Pole  star  observations  (for  the  azimuths)  is 
well  understood  ;  and  it  will  be  made  more  mani^ 
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fest  in  the  case  before  us,  by  increasiDg  or  diminidi- 
ing  the  half  sum  of  the  azimuths  reciprocally  taken 
at  Mullapunnabetta  and  Savendroog,  by  one  se* 
cond  only,  when  it  will  appear  that  a  difference  of 
nearly  one  hundred  and  fifty  fathoms  will  be  there- 
by occasioned  in  the  perpendicular  degree.** 

But  if  the  method  of  measuring  a  degree  of  the 
perpendicular  by  the  convergency  of  the  meridians 
cannot  be  successfully  practised,  what  method  must 
be  had  recourse  to  ?  The  measurement  of  this  arch 
is  very  necessary  for  determining  the  difference  of 
longitude,  and  is  therefore  an  important  element  in 
the  survey.  Other  methods  of  ascertaining  the 
longitude  ought  no  doubt  to  be  tried,  such  as  that 
which  Major  Lambton  mentions  as  having  been 
strongly  recommended  to  him  by  the  late  Astrono- 
mer-Royal, by  carrying  a  good  time-keeper  between 
two  meridians  at  a  known  distance,  which  I  mean, 
says  he,  to  put  in  practice  in  the  course  of  my  fu- 
ture operations.  **  I  had  also,"  adds  he»  **  de- 
vised another  method,  by  the  instantaneous  extinc- 
tion of  the  large  blue  lights  used  at  Sevendroog, 
the  times  of  which  were  to  be  noticed  by  observers 
at  Mullapunnabetta  and  Yerraconddi,  the  dis- 
tance of  whose  meridians  on  a  parallel  of  latitude 
passing  through  Savendroog  is  nearly  135  miles. 
The  experiments  were  attempted  ;  but  the  weather 
was  so  dull  that  the  lights  could  scarcely  be  dis- 
tinguished.    There  is,  besides,  a  difficulty  in  fixing 
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file  precise  momeaat  of  extinction ;  and  even 
most  fitvonnUe  state  of  the  atmospheie»  wh 
lights  may  be  distuu^y  seen  mih  the  naked 
maaty  miles 


«  second  of  the  truth,  would  be  as  near  as  the  eye 
is  capable  of,  which  is  T'\  in  an  angle  at  the  pole : 
Bttt  the  mean  of  a  great  number  of  observations 
might  come  very  near  the  truth.'' 

The  Major  then  prc^fioses  the  oonsqiarison  of  ce- 
lestial observadcms,  such  as  oceuitatioM  of  the  fix- 
ed stars  by  the  Mooa,  eclipses  of  the  satellites  of 
Jupiter,  &c»  for  the  longitude,  to  be  made  at  Ma- 
dras and  Mangalore^— aluKMt  five  degrees  of  longi- 
tude removed  from  one  anotheri  and  of  which  ike 
distanoe  in  fiithoms  is  perfectly  determined  Stem 
the  survey.  He  conckdes  widi  a  passage,  full  of  the 
modesty  characteristic  of  real  talent,  and  lureathing 
the  spirit  of  ardent  and  persevertng  research  wludi 
nothing  but  the  love  of  truth  is  able  to  inspire. 

**  In  shorty  the  difficulty  of  obtaining  this  desi- 
dsratum,  (the  knowledge  of  the  true  figure  of  the 
earth,)  and  the  important  advantages  to  geography 
4md  physical  science  which  must  accrue  from  it,  are 
such  powerful  incitements  to  the  prosecution  of  the 
■nquiry,  that  I  may  ventuffe  an  assurance  of  leaving 
nothing  undone,  which  may  come  within  the  com- 
pass of  my  abilities,  to  give  every  possible  satisfac- 
tion on  the  subject ;  and  if  my  endeavours  shall 
prove  successful  to  throw  some  liobt  on  the  path  of 
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future  discovery,  I  shall  close  my  labours  with  the 
grateful  reflection,  that  while  employed  m  conduct* 
ing  a  work  of  national  utility,  I  shall  have  contri* 
buted  my  humble  mite  to  the  stock  of  general 
science/*     P.  368. 

The  13th  volume  of  the  Asiatic  Researches  con* 
tains  an  account,  of  the  extension  of  this  survey,  to 
the  southern  extremity  of  the  Peninsula,  and  the 
measurement  of  another  consideraUe  portion  of  the 
meridian,  amounting  in  all  to  nearly  six  degrees  ; 
— the  longest  arch,  excepting  that  in  France,  which 
has  yet  been  measured  on  the  surface  of  the  earth. 
Wheii  the  work  was  first  undertaken,  the  principal 
object  was  to  connect  the  two  coasts  of  Coromandel 
and  Malabar,  and  to  determine  the  latitudes  and 
longitudes  of  the  principal  places,  both  on  the  coasts 
and  in  the  inletion     As  ih&  Work  proceeded,  the 
design  was  enlarged ;  and,  in  addition  to  the  tri* 
angles  carried  across  the  Peninsula  between  the  liu 
titudes  of  13  and  14  degrees,  as  already  mentioned^ 
another  series  was  extended  from  Tranquebar  and 
N^apatam  on  the  Coromandel  coast,  across  to 
Paniany  and  Calicut  on  the  opposite  shore ;  and  to 
rendet  the  skeleton  complete,  a  meridional  series 
was  carried  down  the  middle  of  the  Peninsula  as  far 
as  Cape  Comorin>  from  which  were  extended  other 
series  to  the  east  and  west  along  the  sea  coasts ; 
so  that  a  web  of  triangles  has  been  completely 
woven  over  the  Peninsula  of  India  from  the  paral- 
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Id  of  14^  to  its  utmost  extremity.  It  is  to  the  me« 
ridioiial  arch,  of  nearly  six  d^rees»  thence  deduc- 
edt  that  this  kst  memoir  relates.  It  was  presented 
to.  the  President  of  the  Asiatic  Society  by  the  Go- 
yemor  General,  Lord  Minto,  who  added  this  judi- 
cious and  merited  encomium :  **  1  have  great  plea- 
sure in  being  the  channel  of  communicating  to  the 
learned  Society,  a  paper  containing  matter  of  such 
high  importance  to  the  interests  of  science,  and 
furnishing  so  many  new  proofs  of  the  eminent  en- 
dowments and  inde&tigable  exertions  which  have 
long  distinguished  the  character  and  labours  of  its 
respectable  and  meritorious  author/' 

In  this  measurement,  the  meridian  of  the  Doda- 
goontah  station,  or  of  Savendroog,  was  c(mtinued 
south  to  Punnae,  in  the  latitude  of  8""  !(/ ;  and  the 
series  of  triangles,  for  the  purpose  of  ascertaining 
its  length,  was  continued  to  the  same  point.  In 
the  extent  of  this  prolongation,  two  new  bases  were 
measured,  one  at  Putehapoliam,  where  the  meridian 
intersects  the  parallel  of  11%  and  another  at  Tin- 
nevelly,  near  the  southern  extremity  of  the  arch. 
These  bases  were  nearly  of  the  same  length,  (some- 
what shorter  than  that  at  Bangalore,)  and  measur- 
ed with  the  same  commendable  attention  to  every 
circumstance  which  could  ensure  their  accuracy. 
The  triangles  were  carried  on  in  the  same  manner, 
being  a  part  of  that  great  system  which  we  have 
already  mentioned  as  covering  all  this  pait  of  the 
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F^mnsula.  In  many  places  the  country  is  high 
and  difficult  to  penetrate ;  the  highest  mountain  in 
the  whole  survey  occurs  here,  viz.  the  Hill  (for  so 
it  is  called)  of  Fermaul  in  latitude  10*"  18' ;  its 
height  is  set  down  at  7^67  feet.  A  very  laudable 
precaution  was  taken  throughout  by  Major  Lamb^ 
ton,  that  of  describing  the  positions  of  the  great 
stations,  and  giving  marks,  by  which  an  astronomi- 
cal instrument  may  be  placed  in  the  same  situation 
with  his,  if  any  of  the  observations  should  seem  to 
require  repetition  or  verification. 

The  observations  for  the  latitude  appear  to  have 
been  conducted  even  with  increased  dih'gence.  The 
practice  of  reversing  the  sector  is  never  omitted ; 
the  latitude  of  Futchapoiiam,  the  northern  extre- 
mity of  this  prolonged  meridian,  is  determined  from 
the  mean  of  173  zenith  distances  of  stars,  all  pass- 
ing very  near  the  vertex.  The  number  of  similar 
observations  at  Funnae  was  226,  and  from  these 
was  deduced  the  amplitude  of  the  arch  between  the 
stations  just  named,  viz.  2^  5(/  l(y\5,  the  length 
k)eing  171^16.7^  fathoms.  The  differences  be- 
tween the  zenith  distances  of  the  same  star  seldom 
exceed  3'^  and  are  usually  much  less ;  so  thatt 
taking  into  account  the  number  of  observations,  it 
cannot  be  doubted  that  these  latitudes  are  determin- 
ed to  a  fraction  of  a  second. 

On  this  meridian,  the  distances  of  five  stations, 
with  the  corresponding  latitudes,  were  determined 
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in  the  eoiine  of  the  present  and  the  fermer  floiT^ 
Pinnae  the  sooth  extreoiitjr }  Pbtchi^oliani,  Do- 
dagoontah,  Bomasonikiim  and  Rraghnr,  the  nordi* 
emmost  point.  The  amplitude  of  the  whde  arch 
was  ^'^  50"  4r'*32,  and  its  length  359595w4  firthona. 
From  this  and  the  other  points  named  abofe,  the 
ibllowing  d^rees  are  deduced  :•— 

■ 

Pmnae  and  Pulciispolkn    -    6047S  93i^4 

Punnae  and  Dodagoootah    •    60496  10^4.49 

FuDoae  and  Bomaaundrum     r6046S.  11.  4.44 1 

Punnaa  and  Paughur      -        1 60469  11.  8.  Sj 

Mean  of  the  two  last       -        60465^  IK  6.23.5 

From  a  former  measttretBeni     60494  ]a.89«0 

in  these  degrees  we  perceive  the  same  anomalies 
which  have  been  observed  in  France  and  in  £ng- 
famd^  and  which  will  probably  always  occur,  where 
C(mtiguous  parts  of  the  same  arch  are  compared 
with  one  another.  The  degree  in  the  parallel  of 
lie  6^  £3//  ig  60465.5  fathoms,  which  is  less  than 
that  in  the  parallel  of  9^  34^  a  degree  and  a  half 
farther  to  the  south.  This  is  similar  to  what  ap- 
pears in  the  degree  in  England ;  and  there  is  an 
instance  of  the  same  species  of  retrogradation,  when 
the  parts  of  the  arch  between  Dunkirk  and  For- 
mentera  are  compared  with  one  another.  Some 
part  of  this  irregularity,  but  certainly  a  very  small 
one,  may  be  ascribed  to  error  of  observation  ;  the 
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greatest  part  muat^  we  think,  be  placed  to  accoimt  of 
the  iiregukrities  in  the  direction  of  grayity,  arising 
firoin  the  inequalities  at  the  surface,  or  in  the  in- 
terior of  the  earth ;  the  attraction  of  nionntains, 
for  example,  or  the  local  variations  of  densitj  in  the 
parts  immediately  under  the  surface.     On  the  ef- 
fect of  these  last,  Major  Lambton  remarks,  <*  Hiat 
between  Dodagoontah  and  Bomasundrum,  (13°  and 
14%)  there  is  a  vein  of  iron  ore  which  might  be 
supposed  to  have  affected  the  plummet.'^     A  more 
particular  description,   however,   of  the  country 
would  be  necessary  to  enable  us  to  judge  of  the 
probability  of  this  hypothesis.    A  mere  vein,  in  the 
strict  sense  of  the  word,  would  be  a  cause  inade- 
quate to  such  an  effect  as  is  here  ascribed  to  it ; 
but  a  great  mass  of  iron  ore,  or  a  body  of  ferrugin* 
ous  strata,  might  be  sufficient  to  produce  the  efifect. 
We  long  ago  remarked,  in  iqpeaking  of  the  trigono- 
metrical survey  of  £ngland,  that  it  would  have 
been  of  great  importance  to  have  added  to  it  a  mi- 
neralogical  survey,  as  the  results  of  the  latter  might 
have  thrown  some  light  on  the  anomalies  of  the  for- 
mer.    The  same  thing  is  suggested  by  the  objects 
now  under  consideration.     It  would  be  extremely 
desirable  also  to  have  a  vertical  section  in  the  direc- 
tion of  the  meridian  and  of  the  perpendicular,  at 
those  places  where  observations  for  the  latitude  are 
made.     This  might  affi>rd  a  satisfactory  solution  of 
many  difficulties  which  at  present  are  sufficiently 
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perplexing,  and  seem  to  increase  just  in  proportion 
to  the  extent  and  accuracy  of  the  observations. 
Major  Lambton  goes  on  to  remark,  <<  That  the  arc 
between  Putchi^Iiam  and  Dodagoontah  gave  the 
length  of  the  degree  in  latitude  11''  59^  5Al*^  equal 
to  605S9  fathoms,  while  the  arch  between  Putcha- 
poliam  and  Bomasundrum  gave  the  same  degree 
only  60449*  Both  these  stations  arcL  sufficiently, 
remote  from  mountains,  to  remove  all  suspicion  of 
a  disturbance  from  that  cause ;  but  as  no  doubt  re-: 
mained  as  to  the  existence  of  some  disturbing  cause^ 
I  attributed  it  to  the  effects  of  the  bed  of  ore,  and 
concluded  that  the  plummet  had  been  drawn  to 
the  noithward  at  Dodagoontah,  and  to  the  south- 
ward at  Bomasundrum,  which  would  give  thie  celes- 
tial arc  between  Putchapoliam  (to  the  south  of 
both)  and  Dodagoontah  too  little,  and  that  between 
Putchapoliam  and  Bomasundrum  too  great ;  mak- 
ing, of  consequence,  the  length  of  a  degree  too 
great  in  the  first  case,  and  too  little  in  the  second. 
Being,"  he  adds,  <<  confident  as  to  the  accuracy  of 
the  observations  at  both  places,  in  consequence  of 
the  circumstances  just  mentioned,  I  thought  it  rea- 
sonable to  take  the  mean  of  the  two  degrees,  which 
gave  60490  fathoms  for  the  degree  in  latitude 
ir  59^54"." 

In  the  conclusion  of  the  paper,  the  Major  re- 
duces the  degrees  into  a  consistent  form,  and  appa- 
rently cleared  of  all  irregularity,  (p.  94,)  but  on  a 
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principle  of  which  we  cannot  entirely  approvCj  as  it 
involves  in  it  too  much  theory.  The  mathemati- 
cal reasoning  is  correct ;  but  the  introduction  of  a 
degree  measured  in  another  latitude,  though  it  is 
quite  legitimate  in  a  general  inquiry  into  the  figure 
of  the  earthy  prevents  the  results  of  the  Indian 
measurement  from  appearing  as  independent  facts, 
resting  on  the  foundation  of  experiment  alone. 

The  simplest  and  most  unexceptionable  way  of 
deducing  from  a  large  arch,  (the  parts  of  which,  as 
actually  measured,  are  not  perfectly  consistent,) 
the  results  that  may  be  accounted  the  nearest  ap- 
proximation to  the  truth,  is  to  consider,  that  if  the 
elliptic  hypothesis  be  true,  whatever  be  the  com- 
pression, the  successive  degi*ees  of  the  meridian 
must  increase,  on  receding  from  the  equator,  by  a 
quantity  proportional  to  the  sine  of  the  double  lati- 
tude. Thus,  if  a:*  be  the  degree  in  the  latitude  l, 
the  next  degree  is  a:  +  n  sin.  2l  ;  the  next  to  that 
is  .r  +  12  sin.sL  +  n  sin.  (sl  +  2<»),  &c.  where  n 
is  a  constant  quantity,  to  be  determined  without 
the  assistance  of  theory,  by  assuming  different  va- 
lues for  it,  and  adopting  that  which  agi*ees  nearest 
with  the  observations.  This  is  easy,  because  n  sin. 
2L  is  always  a  small  quantity.  In  the  southern- 
most  point  of  Major  Lambton's  arch,  it  is  between 
2^  and  3^  fathoms  :  the  value  that  seems  to  us  to 
answer  best,  is  3.1  fathoms ;  and  in  this  way  we 
deduce  the  first  degree  of  the  arch,  that  which  be- 
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gins  at  Ptannae,  in  lat^  8*  SQ'  SS\  and  has  its  md^ 
die  in  9"  9' 38^  equal  to  60«7S  fttboms.  This  is 
derifed  from  a  comparison  of  the  areh  between 
Punnae  and  Putchapoliam,  which  conmsts  of  2*  50' 
10^»  and  is  certainly,  as  far  as  obsenrMion  can  go, 
▼ery  accurately  determined.  In  this  way,  the  soo- 
cessiye  degrees  are  as  follows : 


Mid.  Lat.  Length. 

9"  10  60473  fath. 

10^  10'  60*76-1 

11  MO'  60479*5 


Mid.  Lftt.        Length. 

12'  lO'  60483.2  fatlu 

13M0'  60487.2 

14' 10'  60491.3 


These  are  a  little  different  from  Major  Lamb^ 
ton's  results,  to  which  they  would  have  been 
brought  nearer,  if  we  had  employed  the  arch  Jbe^ 
tween  Punnae  and  Dodagoontah,  in  the  detenqi* 
nation  of  the  first  d^ree*  But  as  the  latitude  of 
Dodagoontah  is  in  all  probability  affected  by  the 
attraction  of  the  plummet  toward  the  north,  so 
that  its  zenith  is  carried  too  far  to  the  south,  the 
arch  between  it  and  Punnae  must  be  too  small ; 
and  therefore  we  thought  it  best  to  avoid  this  arch 
in  the  fundamental  determination.* 

*  To  deduce  the  mean  degree  from  a  large  arch,  such  as 
one  of  nearly  three  degrees,  by  dividmg  the  length  of  the 
arch  by  its  amplitude  or  number  of  degrees,  is  not  exact, 
as  the  degrees  increase  each  above  the  preceding  by 
the  quantity   n  8iD.(2L  -|-  2^.)    The  length  of  the  arch 
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The  anomalies  which  have  occurred  in  the  mea- 
sores  of  degrees,  and  of  which  the  appearances  seem 
to  increase  in  proportion  as  greater  pains  are  taken 
to  ayoid  inaccuracy,  have  naturally  drawn  the  atten- 
tion of  mathematicians ;   and  the  question,  what 
part  of  them  is  to  be  ascribed  to  error,  and  what  to 
irregularities  in  the  structure  of  the  globe,  has 
come,  of  course,  to  be  considered.     That  a  small 
part  of  them  only  can  be  ascribed  to  the  former 
cause,  is  rendered  probable  by  the  very  circum- 
stance just  stated ;  that  they  are  not  diminished, 
nay,  that  they  even  seem  to  be  increased,  by  the 
care  taken  to  avoid  error.     It  seeoAs  clear,  from 
that  consideration,  that  the  irregularities  are  in  the 
object  sought  for,  and  are  only  brought  more  in 
sight  by  more  microscopical  observation,  by  the  ex- 
cellence of  the  instruments,  the  accuracy  of  the 
computations,  and  the  extent  of  the  lines  measured. 
No  measurement  was  ever  executed  with  greater 
care  than  that  in  Fnmce  ;  and  the  great  extent  of 
the  arch  measured,  as  well  as  the  ability  and  skill 
of  the  observers,  make  the  mean  result,  the  length 
of  the  degree  in  the  parallel  of  45^,  the  datum 
most  perfectly  ascertained  of  any  that  regards  the 
figure  of  the  earth.    Yet  even  here,  we  find  in  the 

ought  to  be  diminished  by  the  8um  of  all  these  quantities 
before  it  is  divided  by  the  amplitude  ;  and  this  division 
gives  not  the  degree  in  the  middle  tff  the  arch,  but  that  at 
the  beginning  tf  h,  or  tbe  fttrtbett  to  Ih^  MMitli« 
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detail  that  there  are  great  anomalies^  and  that  the 
successive  degrees  increase  with  much  irregularity. 

The  arch  between  Greenwich  and  Dunkirk  givea 
the  degree  greater  than  that  which  is  derived  from 
the  arch  between  Dunkirk  and  the  Pantheon  at 
Paris  by  7*^3  toises ;  the  next  difierence  is  8.4 ; 
then  3^*4,  1S.9  ;  and  lastly — S  from  the  arch  be^ 
tween  Montjouy  and  Formentera.  In  this  last 
case,  there  is  an  absolute  retrogradaticm ;  and  the 
degree  increases  on  going  to  the  south,  just  as  it  is 
Observed  to  do  in  the  arch  measured  in  England^ 
and  in  that  measured  in  Hindostan. 

The  irregularities  in  the  French  measurement 
induced  Delambre  to  scrutinize  the  latitudes  of  aO 
the  above  places  with  the  utmost  care ;  but  he 
could  find  nothing  sufficient  to  account  for  the  ir- 
regularities. (See  Base  Metrique,  Tom.  III.  p.  84.) 
The  observation  of  the  latitude  at  Montjouy  ap- 
peared exact ;  yet,  when  compared  with  one  at 
Barcelona,  very  near  to  Montjouy,  an  error  of 
8^.24  was  discovered ;  and  Delambre,  apparently 
with  much  reason,  considers  this  difierence  as  a  cer- 
tain proof  of  the  irregularities  of  the  earth.  To 
the  same  cause  he  ascribes  the  rest ;  and,  indeed, 
from  the  very  progress  which  they  hold,  some  local 
afiPection  seems  necessarily  suggested. 

The  consequence  of  all  this  is,  that  for  the 
whole  of  the  arch  in  France,  the  degrees  are  best 
represented  by  supposing  a  compi^ession  of  jj^,  or 
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^  ;  while,  by  taking  in  a  greater  range,  and  com- 
paring the  degrees  in  France  with  those  in  distant 
countries,  the  compression  comes  out  less  than  the 
half  of  this,  viz.  ^,  or  j—.  To  reconcile  the 
measures  actually  made  with  a  compression  of  3^, 
it  will  be  necessary  to  make  the  following  correc*- 
tions  on  the  latitudes : — For  Paris,  0  }  M ontjouy, 
+  S".6 ;  Carcassonne,  +  088  ;  Dunkirk,  +  3''.06  j 
and  for  Evaux,  +5''.83.  These  are  wholly  impro- 
bable as  errors  of  observation,  and  must  be  attri- 
buted to  local  attractions,  which  act  irregularly  on 
the  plumb  line* — Base  Mdtrique,  ib.  p.  99. 

The  same  thing  may  be  said  of  the  arc  measured 
in  England  by  Colonel  Mudge :  the  whole  arc,  tak- 
en together,  agrees  very  well  with  the  measures  in 
France,  and  with  that  in  Lapland,  as  lately  ascertain- 
ed by  the  Swedish  academy.  *  But  if  the  parts  of  this 

*  We  have  compared  together  the  five  arches  of  the  me- 
ridian, which,  from  their  extent,  and  all  other  circumstances, 
ieem  the  best  entitled  to  confidence,  tiz.  that  in  Peru,  by 
Bouguer  and  Condamine ;  in  Hindostan,  by  Major  Lambton ; 
in  France  and  England,  comprehending  the  whole  extent, 
from  the  parallel  of  Greenwich,  to  that  of  Formentera,  by 
Delambre  and  Mechain,  and  in  part  by  General  Roy;  that 
in  England  afterwards,  by  Colonel  Mudge ;  and,  lastly,  th^t 
in  Lapland,  by  M.  Swanberg ;  and  the  results  which  we 
"have  found  are  extremely  consistent,  and  give,  for  the 
compression  at  the  poles,  5^:^.  When  this  compression  is 
adopted,  there  does  not  appear  an  error  of  more  than  9  fa- 
thoms in  the  measure  of  any  of  the  abo?  e  degfe^.    The 
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avc  be  oomparedi  aa  isr«gularity  is  faimd«  and  the 
€k|;ree8  aj^ear  to  iacreaae  oa  going  finom  the  north 
to  the  south.  In  j^^nBg  an  account  of  Colonel 
Mudge'fl  meaaurement  in  a  former  Number  of  this 
Journal,  we  ascribed  the  fact  just  mentionedy  to  Ioh- 
eal  irregularities  in  the  direction  of  gra¥ity»  and  we 
ftill  consider  this  as  by  far  the  most  probaUe  sup- 
position. A  paper,  however,  written  with  great 
Jmowledge  of  the  subject,  and  AiU  of  sound  mathe- 
matical reasoning,  has  been  published  by  Don  lU- 
driguea  in  the  Philosophical  Transactions  for  1818, 
which  is  quite  on  the  opposite  side,  and  ascribes 
the  irregularities  in  the  arc  to  errors  of  observation. 
Don  Rodriguez,  if  we  mistake  not,  is  one  of 
two  Spanish  gentlemen  who  accompanied  MM. 
Biot  and  Arago»  and  assisted  in  the  <^)eratic»is  by 
which  the  ^meridian  that  had  been  traced  through 
France  was  extended  to  the  southernmost  of  the 
Balearic  Isles.  He  seems  perfectly  acquainted 
with  the  methods  of  calculation,  and  all  the  most 
recent  improvements  which  respect  the  problem  of 

French,  from  their  own  measures  in  France  and  P^u,  bring 
out  a  compression  of  ^Jt^  nearly.  Thus  the  results  are  con* 
sistent  with  the  supposition  that  the  earth  is  an  elltptic  sphe- 
roid, when  the  arches  compared  are  large  and  distant  from 
one  another :  when  they  are  small,  and  near  to  one  another, 
they  do  not  agree  with  that  hypothesis,  nor  indeed  with  any 
other  single  hypothesis  that  can  be  laid  down.  This  ie  what 
might  be  expected,  and  does  not  iavalidato  the  general  con- 
dasioQ* 


i 
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tlie  figure  of  the  earth.  We  do  not  think  that  he 
has  proved  that  the  irr^ularities  in  this  measure- 
ment abise  from  errors  of  observation  ;  and  we  are 
of  opinion,  though  th^  amount  of  these  irregulari- 
ties may  now  be  more,  exactly  estimated  than  bt- 
fore,  that  with  r^ard  to  their  cause,  the  question 
rests  precisely  where  it  did.  But  though  we  are 
Hot  convinced  by  Don  Rodriguez,  we  must  do  him 
the  justice  to  say,  that  his  argument  is  fairly  con- 
ducted, and  that  he  has  displayed  great  knowledge 
of  the  iBubject,  and  perfect  familiarity  with  the  be^t 
tnethbds  hitherto  employed  in  the  solution  of  this 
difficult  problem.  We  have  therefore  observed 
with  regret,  that  this  ingenious  foreigner  has  been 
attacked  in  some  of  the  English  Journals,  with  a 
violence  and  asperity  which  the  subject  did  not  call 
for,  and  which  his  paper  certainly  did  not  autho- 
rise. 

When  there  are  unlooked-for  results  in  any  sys- 
tem of  experiments  or  observations,  the  errors  into 
which  the  observer  may  have  fallen,  naturally  come 
to  be  considered  as  affording  on6  solution  of  the 
difficulty.  We  are  not  to  suppose,  that  any  man 
engaged  in  experimental  investigations,  can  be  ex- 
empted from  such  an  inquiry ;  nor,  when  such  in- 
quiry is  instituted,  are  we  to  suppose  that  he  is  sub- 
jiected  to  a  personal  attack.  '  The  principle  on 
which  Don  Rodriguez  proceeds,  though  it  may  be 
eiToneous,  seems  to  be  general ;  it  is  applied  ecpui^ 

VOL.  IV.  D  d 
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ly  to  the  French  and  the  English  mathematicians  ; 
and  the  anomaly  of  more  than  3'^  in  the  latitude  of 
Montjouy,  is  ascribed  by  him,  not  to  local  irregu- 
larity, but  to  the  mistake  of  Mechain,  a  man  emi- 
nently skilled  in  the  art  of  astronomical  observation. 
The  calm  and  dispassionate  memoir  of  the  Spanish 
mathematician,  does  not  therefore  give  any  ground 
for  supposing  it  to  be  meant  as  a  personal  attack, 
and  still  less  as  a  national  one. 

We  observe,  with  pleasure,  however,  that  the 
true  resolution  of  the  difficulty  is  most  probably  at 
hand.  The  continuation  of  a  meridional  arch 
must  afford  the  best  means  of  discovering  from 
what  cause  the  irregularities  observed  in  it  arise. 
If 'they  arise  from  physical  irr^ularities  in  the 
structure  of  the  globe,  or  in  the  direction  of  gra- 
vity, a  compensation  in  the  course  of  a  great  arch 
may  be  expected  to  take  place.  If  a  body  of  heavy 
matter,  at  any  point,  make  the  plummets  on  each 
side  of  it  converge  more  than  they  ought  to  do,  the 
zeniths  will  be  carried  too  far  off  from  one  another ; 
the  amplitude  of  the  celestial  arch  will  be  increas- 
ed ;  and  the  length  of  the  terrestrial  degree  will,  of 
course,  be  diminished.  But  as  the  zenith  on  one 
side  of  this  point  was  carried  too  far  to  the  south, 
and  on  the  opposite  too  far  to  the  north,  the  de- 
«grees  on  either  side  will  be  rendered  too  great,  the 
amplitudes  of  the  celestial  arches  being  made  too 
small.    Thus  an  opposite  error  will  take  place,  and 
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what  is  added  to  one  degree  will  probably  be  taken 
from  the  next.  This  is  not  likely  to  happen  if  the 
errors  arise  from  inaccuracy  of  observation  :  these 
errors  will  not  be  as  any  Junction  of  the  distance, 
but,  depending  on  accident,  must  be  quite  irregu- 
lar in  their  distribution.  It  is  with  pleasure,  there- 
fore, that  we  see  a  meridian  which  has  been  ex- 
tended from  the  shores  of  the  British  channel  along 
the  west  side  of  England,  viz.  the  meridian  of  De- 
lambre  now  produced  into  Scotland,  where  it 
falls  on  the  east  side  of  the  island,  and  is  about  to 
be  continued  till  it  intersect  the  shores  of  the  Mur- 
ray Firth,  or  the  Northern  Ocean.  The  combined 
arches  in  France  and  England  will  then  extend 
nearly  to  20  degrees  ;  and  in  a  few  years  we  shall 
perhaps  see  the  distance  between  the  parallels  of 
the  Balearic  and  the  Orkney  Islands,  ascertained 
by  actual  mensuration.  We  believe  that  this  im- 
portant operation  could  not  easily  be  in  better 
hands  than  those  in  which  it  is  actually  placed  ; 
and,  when  it  shall  be  completed,  the  British 
army — in  General  Roy  and  the  officers  who  have 
succeeded  him  in  the  conduct  of  the  English 
survey — and  in  Major  Lambton  whose  works  we 
have  been  now  treating  of,  will  have  the  glory  of 
doing  more  for  the  advancement  of  general  science, 
than  has  ever  been  performed  by  any  other  body 
of  military  men. 

FINIS. 
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It  is  to  the  imperfection  of  the  human  mind,  and 
not  to  any  irregularity  in  the  nature  of  things, 
that  our  ideas  of  chance  and  probability  are  to  be 
referred.  Events  which  to  one  man  seem  acciden- 
tal and  precarious,  to  another,  who  is  better  in- 
formed, or  who  has  more  power  of  generalization, 
appear  to  be  regular  and  certain.  Contingency 
and  verisimilitude  are  therefore  the  offspring  of 
human  ignorance,  and,  with  an  intellect  of  the 
highest  order,  cannot  be  supposed  to  have  any  ex- 
istence. In  fact,  the  laws  of  the  material  world 
have  the  same  infallible  operation  on  the  minute 
and  the  great  bodies  of  the  universe  ;  and  the  mo- 
tions of  the  former  are  as  determinate  as  those  of 
the  latter.  There  is  not  a  particle  of  water  or  of 
air,  of  which  the  condition  is  not  defined  by  rules 

•  From  the  Edinburgh  Review,  Vol.  XXIIL  (1814.)— Ed. 


424  B£V1£W  OF  LAPLACE, 

as  certain  as  that  of  the  sun  or  the  planets,  and 
that  has  not  described  from  the  banning  a  trajec- 
tory determined  by  mechanical  principles,  subject- 
ed to  the  law  of  continuity,  and  capable  of  being 
mathematically  defined.  This  trajectory  is  there- 
fore in  itself  a  thing  kno^wable^  and  would  be  an  ob- 
ject of  science  to  a  mind  informed  of  all  the  origi- 
nal conditions,  and  possessing  an  analysis  that  could 
follow  them  through  their  various  combinations^ 
The  same  is  true  of  every  atom  of  the  material 
world  ;  so  that  nothing  but  information  sufficiently 
extensive,  and  a  calculus  sufficiently  powerful,  ia 
wanting  to  reduce  all  things  to  certainty,  and,  from 
the  condition  of  the  world,  at  any  one  instant  to  de- 
duce its  condition  at  the  next ;  nay,  to  integrate 
the  formula  in  which  those  momentary  actions  are 
included,  and  to  express  all  the  phenomena  that 
ever  have  happened,  or  ever  will  happen,  in  a 
Junction  of  duration  reckoned  from  any  given  in- 
stant. This  is  in  truth  the  nearest  approach  that 
we  can  make  to  the  idea  of  Omniscience  ;  of  the 
Wisdom  which  presides  over  the  least  as  well  as  the 
greatest  things  ;  over  the  falling  of  a  stone  as  well 
as  the  revolution  of  a  planet ;  and  which  not  only 
numbers  and  names  the  stars,  but  even  the  atoms 
that  compose  them. 

The  farther,  accordingly,  that  our  knowledge 
has  extended,  the  more  phenomena  have  been 
brought  from  the  dominion  of  Chance,  and  placed 
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under  the  government  of  physical  causes  ;  and  the 
farther  off  have  the  boundaries  of  darkness  been 
carried.      It  was,  says  Laplace,  of  the  phenome- 
na not  supposed  to  be   subjected  to  the  regula- 
tion of  fixed  laws,  that  superstition  took  hold,  for 
the  purpose  of  awakening  the  fears  and  enslaving 
the  minds  of  men*     The  time,  adds  he,  is  not  far 
distant,  when  unusual  rains,  or  unusual  drought, 
the  appearance  of  a  comet,  of  an  eclipse,  of  an 
aurora  borealis,  and,  in  general,  of  any  extraordi- 
nary phenomenon,  was  regarded  *as  a  sign  of  the 
anger  of  heaven  ;  and  prayers  were  put  up  to  avert 
its  dangerous  consequences.     Men  never  prayed 
to  change  the  course  of  the  sun  or  of  the  planets, 
as  experience  would  have  soon  taught  them  tlie  ineffi- 
eacy  of  such  supplications.   But  those  phenomena  of 
which  the  order  was  not  clearly  perceived,  were 
thought  to  be  a  part  of  the  system  of  nature  which 
the  Divinity  had  not  subjected  to  fixed  laws,  but 
had  left  free,  for  the  purpose  of  punishing  the  sins 
of  the  world,  and  warning  men  of  their  danger. 
The  great  comet  of  1456  spread  terror  over  all 
Europe,  at  that  time  alarmed  by  the  rapid  succes- 
ses of  the  Turks,  and  the  fall  of  the  Greek  empire ; 
and  the  Pope  directed  public  prayers  to  be  said  on 
account  of  the  appearance  of  the  comet,  no  less 
than  the  progreiSs  of  Mahomet. 

It  is  curious  to  remark  how  different  the  sensa- 
tions have  been  which,  afler  four  revolutions,  this 
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same  comet  has  excited  in  the  world.  Halley  har- 
ing  recognized  its  identity  with  the  comets  of  1531 , 
1607,  1682,  showed  it  to  be  a  body  revolving 
round  the  sun  in  75  years  nearly  ;  he  foretold  its 
return  in  17^89  or  the  beginning  of  17^9,  and  the 
event  has  verified  the  most  remarkable  prediction 
in  science.  Comets  have  since  ceased  to  be  re- 
garded as  signs  of  the  Divine  displeasure;  and 
every  body  must  have  remarked,  with  satisfaction, 
how  far  the  comet  of  1811  was  from  being  viewed 
with  terror,  (in  this  country  at  least,)  even  by  the 
least  instructed  of  the  people,  and  from  exciting 
any  sentiment  but  admiration  of  its  extraordinary 
beauty.  The  dominion  of  Chance  is  thus  suffer- 
ing constant  diminution  ;  and  the  Anarch  Old 
may  still  complain,  as  in  Milton,  of  the  encroach- 
ments that  arc  continually  making  on  his  empire. 

Probability  and  chance  are  thus  ideas  relative  to 
human  ignorance.  The  latter  means  a  series  of 
events  not  regulated  by  any  law  that  we  perceive. 
Not  perceiving  the  existence  of  a  law,  we  reason  as 
if  there  were  none,  or  no  principle  by  which  one 
state  of  things  determines  that  which  is  to  follow. 
The  axiom,  or,  as  it  may  be  called,  the  definition, 
on  which  the  doctrine  of  probability  is  founded,  is, 
that  when  any  event  may  fall  out  a  certain  number 
of  ways,  all  of  which,  to  our  apprehension,  are 
equally  possible,  the  probability  that  the  event  will 
happen  with  certain  conditions  accompanying  it,  is 
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expressed  by  a  fraction,  of  which  the  numerator  is 
the  number  of  the  instances  favourable  to  those 
conditions,  and  the  denominator  the  number  of 
possible  instances.  Thus,  the  probability  of  throw- 
ing an  ace  with  one  die  is  denoted  by  ^,  as  there 
are  six  ways  that  the  event  may  turn  out,  and  only 
one  in  which  it  can  be  an  ace.  With  two  dice,  the 
chance  of  throwing  2  aces  is  ^g ;  as  each  face  of 
the  one  ace  may  be  combined  with  any  face  of  the 
other.  Certainty  is  denoted  here  by  unity  ;  it  is 
what  happens  when  all  the  cases  are  favourable  to 
the  condition  expected,  and  when  the  numerator 
and  denominator  of  the  fraction  are  the  same.  It 
were  absurd  to  say,  that  the  sentiment  of  belief 
produced  by  any  probability,  is  proportional  to  the 
fraction  which  expresses  that  probability ;  but  it  is 
so  related,  or  ought  to  be  so  related  to  it,  as  to  in- 
crease when  it  increases,  and  to  diminish  when  it 
diminishes. 

The  calculation  of  Probability  is  therefore  a 
very  ingenious  application  of  mathematical  reason- 
ing, in  order  to  substitute  for  that  certainty  which 
is  quite  beyond  our  reach,  the  degree  of  evidence 
that  the  case  admits  of,  and  to  reduce  this  to  a 
system  of  accurate  reasoning.  The  thing  obtained 
is  only  probability ;  but  we  have  a  certainty  as  to 
the  degree  in  which  it  exists. 

The  invention  of  this  calculus  does  not  go  far 
back.     It  is  true,  that  wherever  there  have  been 
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games  of  chance,  and  they  have  been  in  ali  coun* 
tries  from  the  rudest  to  the  most  civilized,  there 
must  have  been  some  numerical  estimate  formed  of 
the  probability  of  certain  events,  by  which  the 
stakes  and  the  expectations  of  the  gamesters  must 
have  been  regulated.  The  principle  just  stated, 
must  therefore  with  more  or  less  distinctness  have 
been  long  recognized  ;  but  nothing  like  a  system 
of  reasoning  founded  on  it  is  to  be  found  before  the 
time  of  Fermat  and  Pascal.  Huygens  was  the 
next  after  these  two  illustrious  men  who  treated  of 
this  matter  in  a  treatise,  De  Ratiociniis  in  Ludo 
Alece.  Several  other  mathematicians,  Huddes  and 
De  Witt  in  Holland,  Halley  in  England,  applied 
the  same  calculus  to  the  probabilities  of  human  life, 
and  the  latter  published  the  first  tables  relative  to 
that  object.  James  Bernoulli,  about  the  same 
time,  proposed  and  resolved  many  problems  con- 
cerning probabilities,  and  composed  the  treatise  eU'- 
titled  Ars  Coryectandi^  which  was  not  published 
till  17 1^9  some  years  after  his  death.  This  work 
is  worthy  of  the  high  reputation  of  the  author,  who 
treats  in  it  of  the  probability  which  a  succession  of 
the  same  events,  at  any  time,  gives  of  its  continu- 
ance ;  and  he  was  the  first  to  demonstrate  a  propo- 
sition concerning  the  indefinite  multiplication  of 
casual  events,  to  which  we  shall  again  have  occa- 
sion to  advert.  Monmort  published  an  estimable 
woHl  on  the  same  subject,  Essai  ^r  les  Jeux  de 
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Hasard  /  and  Demoivre  followed  wJth  his  treatise 
On  the  Doctrine  of  Chances^  which  first  appeared 
in  the  Philosophical  Transactions  for  1711>  but 
was  afterwards  published  in  three  editions,  which 
the  author  successively  improved.  This  work  is  the 
first  that  mentioned  the  theory  of  recurring  series^ 
a  subject  of  such  importance  in  algebra,  and  con- 
nected with  so  many  of  the  discoveries  which  have 
since  been  made  in  the  calculus  of  Finite  Diffsren- 
ces.  Laplace  does  great  justice  to  it^,  and  has  en- 
tered into  an  analysis  of  the  part  that  relates  to 
series.  Demoivre  gives  a  demonstration  of  the 
theorem  of  Bernoulli,  just  referred  to,  which,  in  a 
series  of  events,  serves  to  connect  the  future  and 
the  past.  Several  other  mathematicians,  and  par- 
ticularly Lagrange,  have  been  attracted  by  the  re- 
sults which  this  theory  offered,  and  by  the  difficul- 
ty of  the  problems  it  suggested,  which  seemed  in 
many  respects  to  require  a  new  application  of  ana- 
lysis, llie  last  who  has  treated  of  it,  is  our  author 
himself,  in  a  large  work  in  quarto, .  entitled  Th^o^^ 
rie  Analytique  des  ProbabiliteSf  published  at  Paris 
in  1812.  The  essay  now  under  review,  is  an  ab- 
stract of  this  last,  containing  an  account  of  the 
more  important  conclusions  deduced  in  it,  K^ether 
with  many  general  and  profound  remarks  on  the 
principles  of  the  calculus,  and  their  application  to 
the  researches  of  philosophy,  as  well  as  to  the  affairs 
of  life. 
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The  analytical  work  contains  some  valuable  im- 
provements in  this  branch  of  the  mathematics.  We 
have  adverted  to  the  use  made  by  Demoivre,  in 
his  work  on  Chances,  of  the  series,  called  Recur- 
ring, in  which  the  coefficient  of  each  teim  is  form- 
ed in  the  same  manner  from  the  coefficients  of  a  . 
ceitain  number  of  the  preceding  terms.     The  ge- 
neralization of  this  property  led  Laplace  to  consi- 
der all  those  series  in  which  the  coefficients  are 
formed  by  substituting  the  exponents,  every  where, 
in  the  same  formula ;  or  where,  in  every  term,  the 
coefficient  is  the  same  function  of  the  exponent.  A 
series  of  this  kind  being  supposed,  a  function  of  the 
variable  quantity  may  be  found,  from  the  develope- 
ment  of  which  the  series  may  be  derived ;  and  this 
function  is  what  Laplace  calls  the  Generating  Func- 
tion CFonction  GeneralriceJ  of  the  coefficients  in 
the  supposed  series,  or  rather  of  the  function  in 
which  all  those  series  are  included.     This  gives  rise 
to  a  new  branch  of  analysis,  the  calculus  of  Gene- 
rating Functions,  the  principles  of  which  he  first 
explained   in  the  Memoirs  of  the  Academy   of 
Sciences  for  1779*     From  these  series,  by  apply- 
ing the  method  of  finite  and  partial  differences,  he 
has  extracted  results  that  throw  great  light  on  the 
Doctrine  of  Chances,  and  readily  afford  demonstra- 
tions of  many  propositions  that  cannot  but  with 
the  greatest   difficulty  be  proved  by  any  other 
means.      It  must  not  seem  surprising  that  the 
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Doctrine  of  Series  is  thus  intimately  connected 
with  the  Theory  of  Probabilities  ;  for  it  should  be 
remembered,  that  the  first  considerable  improve- 
ment in  that  theory  came  from  the  same  quarter. 
The  numbers  of  combinations  that  can  be  formed 
of  a  given  number  of  things,  taking  them  two  and 
two,  three  and  three,  &c.  are  given  by  the  succes- 
sive coefficients  of  a  binomial  raised  to  the  power 
denoted  by  the  number  of  things  in  question. 
Such  combinations  are  evidently  much  concerned 
in  the  laws  of  chance ;  and  Bernoulli  deduced 
from  them  a  great  number  of  conclusions  concern- 
ing those  laws.  Demoivre  went  farther  than  Ber- 
noulli, and  Laplace  much  farther  than  either ; 
but  to  give  any  adequate  idea  of  the  analytical  me- 
thods which  he  has  employed,  is  not  to  be  expected 
in  an  abstract  like  the  present.  For  a  general 
view  of  the  analytical  methods  applied  to  the  calcu- 
lation of  probabilities,  we  may  refer  the  reader  to 
the  conclusion  of  the  Essai  Fhilosophique,  p.  90, 
&c.,  and  to  the  beginning  of  the  Theorie  Analy- 
tique.  To  a  passage  in  the  latter,  however,  we  can- 
not but  advert,  and  with  much  less  satisfaction  than 
we  have  generally  felt  in  pointing  out  any  of  the 
remarks  of  this  celebrated  writer  to  the  attention 
of  our  readers.  "  //  par  ait  que  Fermat^  le  veri- 
table inventeur  du  calcul  differentiel,  a  considere 
ce  calcul  comme  une  derivation  de  celui  des  dif- 
ferences finies^''  &c.     Against  the  affirmation  that 
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Fermat  is  the  real  inventor  of  the  differential  cal- 
culus, we  must  enter  a  strong  and  solemn  protesta- 
tion. The  age  in  which  that  discovery  was  made, 
has  been  unanimous  in  ascribing  the  honour  of  it 
either  to  Newton  or  Leibnitz ;  or,  as  seems  to  us 
much  the  fairest  and  most  probable  opinion,  to 
both  ;  that  is,  to  each  independently  of  the  other, 
tlie  priority  in  respect  of  time  being  somewhat  on 
the  side  of  the  English  mathematician.  The  writ- 
ers of  the  history  of  the  mathematical  sciences  have 
given  their  suffirf^s  to  the  same  effect ;  — Montu- 
cla,  for  instance,  who  has  treated  the  subject  with 
great  impartiality,  and  Bossut,  with  no  prejudices 
certainly  in  favour  of  the  English  philosopher.  In* 
the  great  controversy,  to  which  this  invention  gave 
rise,  all  the  claims  were  likely  to  be  well  consider- 
ed ;  and  the  ultimate  and  fair  decision,  in  which 
all  sides  seem  to  have  acquiesced,  is  that  which  has 
just  been  mentioned.  It  ought  to  be  on  good 
grounds,  that  a  decision,  passed  by  such  competent 
judges,  and  that  has  now  been  in  force  for  a  hun- 
dred years,  should  all  at  once  be  reversed.  Fer- 
mat has  strong  claims  undoubtedly  on  the  grati- 
tude of  posterity  ;  and  we  do  not  believe  that  there 
exists,  either  among  the  productions  of  ancient  or 
modem  science,  a  work  of  the  same  size  with  his 
Opera  Varia,  that  contains  so  many  traits  of  ori- 
ginal invention.  He  had  certainly  approached 
very  near  to  the  differential  or  fluxionary  calculus. 
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M  his  friend  Roberval  had  also  done.  He  conM- 
dered  the  infinitely  small  quantities  introduced  in 
his  method  of  drawing  tangents,  and  of  resolving 
maxima  and  minima^  as  derived  from  finite  differ- 
ences ;  and,  as  Laplace  remarks,  he  has  extended 
his  method  to  a  case,  when  the  variable  quantity  is 
irrational.  He  was,  therefore,  very  near  to  the 
method  of  fluxions  ;  with  the  principle  of  it,  he  waa 
perfectly  acquainted  ;-*and  so  at  the  same  time 
were  both  Roberval  and  Wallis,  though  men  much 
inferior  to  Fermat.  The  truth  is,  that  the  disco- 
very of  the  new  calculus  was  so  gradually  approxi- 
mated, that  more  than  one  had  come  quite  near  it» 
and  were  perfectly  acquainted  with  its  principles, 
before  any  of  the  writings  of  Newton  or  Leibnitz 
were  known.  That  which  must  give,  in  such  a 
case,  the  right  of  being  considered  as  the  true  in- 
ventor, is  the  extension  of  the  principle  to  its  full 
range  ;  connecting  with  it  a  new  calculus,  and  new 
analytical  operations ;  the  invention  of  a  new  al- 
gorithm with  corresponding  symbols.  These  last 
form  the  public  acts,  by  which  the  invention  be- 
comes known  to  the  world  at  large,  the  judge  by 
which  the  matter  must  be  finally  decided.  Great, 
therefore,  as  is  the  merit  of  Format,  which  no  h9» 
dy  can  be  more  willing  than  ourselves,  to  acknow- 
ledge ;  and  near  as  he  was  to  the  greatest  invea* 
tion  of  modem  times,  we  cannot  admit  that  his 
property  in  it  is  to  be  put  on  a  footing  with  that  of 
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Newton  or  of  Leibnitz  ;'-we  should  feir,  that,  in 
doing  80,  we  were  violating  one  of  the  most  sacred 
and  august  monuments  that  posterity  ever  raised  in 
honour  of  the  dead. 

It  has  been  ahready  stated,  diat,  when  all  the 
different  ways  in  which  an  event  can  £dl  out,  are 
equally  possible  and  independent  of  one  another, 
the  fraction  which  expresses  the  probability,  that 
the  event  may  have  certain  conditions,  is  one  which 
has  for  its  numerator  all  the  cases  &vourable  to 
such  conditions,  and  for  its  denominator  all  the 
eases  possible.  But  when  the  event  that  happens 
affects  that  which  is  to  follow,  the  question  be- 
comes sometimes  of  considerable  difficulty.  Laplace 
mentions  one  case,  simple  indeed,  but  important 
in  its  application.  Suppose  a  fact  to  be  transmitted 
through  twenty  persons ; — the  first  communicating 
it  to  the  second,  the  second  to  the  third,  &c. ;  and 
let  the  probability  of  each  testimony  be  expressed 
by  ^,  (that  is,  suppose  that  of  ten  reports  made 
by  each  witness,  nine  only  are  true,)  then  at  every 
time  the  story  passes  from  one  witness  to  another, 
the  evidence  is  reduced  to  ^  of  what  it  was  before. 
'-Thus,  after  it  has  passed  the  whole  twenty,  the 
evidence  will  be  found  to  be  less  than  ^. 

^'  The  diminution  of  evidence  by  this  sort  of 
transmission  may,''  says  Laplace,  *^  be  compared 
to  the  extinction  of  light  by  the  interposition  of  se* 
yeral  pieces  of  glass ;  a  small  number  of  pieces 
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will  be  sufficient  to  render  an  object  entirely  invi- 
gible  which  a  single  piece  allowed  to  be  seen  very 
distinctly.  Historians  do  not  seem^''  he  adds,  "  to 
have  paid  sufficient  attention  to  this  degradation  of 
the  probability  of  &cts  when  seen  across  a  great 
number  of  successive  generations.'' 

It  does  not  appear,  however,  that  the  diminu- 
tion  of  evidence  here  supposed  is  a  necessary  conse- 
quence of  transmission  from  one  age  to  another. 
It  may  hold  in  some  instances ;  but  in  those  that 
most  commonly  occur,  no  sensible  diminution  of 
evidence  seems  to  be  produced  by  the  lapse  of 
time.     Take  any  ancient  event  that  is  well  attest- 
ed, such,  for  example,  as  the  retreat  of  the  ten 
thousand,  and  we  are  persuaded  it  will  be  general- 
ly admitted,  that  the  certainty  of  that  event  having 
taken  place  is  as  great  at  this  moment  as  it  was  on 
the  return  of  the  Greek  army,  or  immediately  after 
Xenophon  had  published  his  narrative.     The  cal- 
culation of  chances  may  indeed  be  brought  to  de- 
pose in  favour  of  it ;  for  the  probability  will  be 
found  to  be  very  small,  that  any  considerable  in- 
terpolation or  change  in  the  supposed  narrative  of 
Xenophon  could  have  taken  place  without  some 
historical  document  remaining  to  infonn  us  of  such 
m  change.     The  combination  of  the  chances  neces- 
sary to  produce  and  to  conceal  such  an  interpola- 
tion is  in  the  highest  degree  improbable  ;  and  the 
authority  of  Xenophon  remains,  on  that  account, 
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the  same  at  this  moment  that  it  was  originally.  The 
ignorance  of  a  transcriber,  or  the  presmnption  of  a 
commentator,  may  vitiate  and  alter  a  passage ;  but 
there  is  a  virtue  in  sense  and  consistency  by  which 
they  restore  themselves.  The  greatest  danger  that 
an  ancient  author  runs  is  when  a  critic  like  Bent- 
ley  is  turned  loose  upon  his  text.  Yet  there  is  no 
fear  but  that,  in  the  aiguments  by  which  he  would 
recommend  his  alterations,  he  will  leave  a  su£Bcient 
security  against  their  being  received. 

There  is  an  error  on  the  subject  of  chance,  and 
of  cases  that  are  equally  possible,  against  which  it 
is  necessary  to  guard. 

Some  writers  ai^e  as  if  regular  events  were  less 
possible  than  irregular,  and  that  in  the  garnet  fi>r 
example,  of  Cross  and  Pile,  a  combination  in  which 
Cross  would  happen  twenty  times  in  succession^  is 
less  easy  for  nature  to  produce  than  one  in  which 
Cross  and  Pile  are  mixed  together  without  regu- 
larity. This  however  is  not  true ;  for  it  is  to 
suppose  that  the  events  which  have  already  taken 
place,  affect  those  that  are  to  follow ;  and  this,  in 
what  relates  to  chance,  cannot  be  admitted.  The 
regular  combinations  happen  more  rarely  than  the 
irr^ular,  only  because  they  are  less  numerous.  If 
we  look  for  a  particular  cause  as  acting  in  the  cases 
where  symmetry  occurs,  it  is  not  because  we  sup- 
pose the  symmetrical  arrangement  to  be  less  po8si« 
ble  than  any  other ;  but  it  is  improbable  that  chance 
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has  produced  it,  because  the  syminetrical  arrange- 
ments are  few  and  the  asymmetrical  may  be  without 
number.  We  see  on  a  table,  for  instance,  letteri 
so  disposed  as  to  make  the  word  Constantinople  ; 
and  we  immediately  conclude  that  this  arrangement 
is  not  the  effect  of  chance  :  not  that  it  is  less  pos- 
sible for  chance  to  produce  it,  than  any  other  given 
arrangement  of  the  same  fourteen  letters — for  if  it 
were  not  a  word  in  any  language,  we  would  never 
suspect  the  existence  of  design — ^but  because  the 
word  being  in  use  amongst  us,  it  is  incomparably 
more  probable  that  this  arrangement  of  the  letters 
is  the  work  of  design,  than  of  chance. 

<^  Events  may  be  so  extraordinary  that  they  can 
hardly  be  established  by  testimony.  We  would 
not  give  credit  to  a  man  who  would  affirm  that  he 
saw  an  hundred  dice  thrown  in  the  air,  and  that 
they  all  fell  on  the  same  &ces.  If  we  had  our- 
selves been  spectators  of  such  an  event,  we  would 
not  believe  our  own  eyes,  till  we  had  scrupulously  ex- 
amined all  the  circumstances,  and  assured  ourselves 
that  there  was  no  trick  nor  deception.  After  such 
an  examination,  we  would  not  hesitate  to  admit  it, 
notwithstanding  its  great  improbability  ;  and  no  one 
would  have  recourse  to  an  inversion  of  the  laws  of 
vision  in  order  to  account  for  it.  This  shows  that 
the  probability  of  the  contintcance  of  the  laws  of 
nature  is  superior,  in  our  estimation,  to  every  other 
evidence,  and  to  that  of  historical  facts  the  best  ea- 
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tablished.  One  may  judge  therefore  of  the  weight 
of  testimony  necessary  to  prove  a  suspension  of  those 
lawsi  and  how  faliacioiis  it  is  in  such  cases  to  apply 
the  common  rules  of  evidence." 

It  sometimes  happens,  however,  that  a  prevail- 
ing  opinion,  or  a  prejudice,  may  so  diminish  the 
natural  improbalMlity  of  an  event,  that  it  shall  ap- 
pear easily  overcome  by  the  force  of  testimony. 

**  This  has  happened  with  men  of  the  first  abi- 
lities )  and  in  the  age  of  Lewis  XIV.,  Racine  and 
Pascal  were  two  remarkable  examples  of  it.  It  is  hu- 
miliating to  see  with  what  complacency  Racine,  that 
admirable  painter  of  the  human  heart,  and  the 
$nost  perfect  poet  who  has  ever  been^  relates  as  a 
miraculous  event,  the  cure  of  Mademoiselle  Perrier, 
the  niece  of  Pascal,  and  pensionnaire  of  the  Ab- 
bey of  Port- Royal :  It  is  no  less  painful  to  read 
the  reasonings  by  which  Pascal  endeavours  to  prove 
that  this  miracle  had  become  necessary  to  the  cause 
of  religion,  in  order  to  justify  the  doctrine  of  the 
Nun»  of  that  Abbey,  at  that  time  persecuted  by 
the  Jesuits.  The  young  Mademoiselle  Perrier, 
who  was  then  about  three  years  and  a  half  old,  was 
afflicted  with  a  fistula  lachrymaUs ;  she  touched 
her  sore  eye  with  a  relique  which  professed  to  be 
one  of  the  thorns  of  the  crown  placed  by  the  Jews 
on  the  head  of  our  Saviour,  and  she  believed  her- 
self cured  from  that  instant.  Some  days  after,  tbe 
physicians  and  surgeons  attested  the  cure,  and  gave 
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it  as  their  opinion  (in  which  probably  they  were 
perfectly  correct)  that  the  medicines  had  had  no  ef- 
fect in  bringing  it  about.  This  event,  which  hap- 
pened in  1656 f  made  a  great  noise :  All  Paris/' 
says  Racine>  "  flocked  to  Port-Royal.  The  crowd 
increased  from  day  to  day ;  and  Grod  seemed  to 
take  pleasure  in  authorizing  the  devotion  of  the 
people,  by  the  number  of  miracles  worked  in  that 
church." 

The  question  here  touched  on,  how  far  the  evi- 
dence of  testimony  is  able  to  overcome  that  which 
arises  from  our  experience  of  the  course  of  nature, 
is  one  of  the  most  delicate  and  important  which 
the  Doctrine  of  Probability  presents.  That  testi- 
mony itself  derives  all  its  force  from  experience, 
seems  very  certain.  This,  however,  has  sometimes 
been  disputed ;  and  it  has  been  urged,  that  there 
is  a  natural  tendency  to  believe  in  the  testimony  of 
others,  independent  of  experience.  That  such  a 
tendency  really  exists,  we  are  willing  to  allow.  A 
man  who  feels  in  himself  a  propensity  to  speak  the 
truth  readily  supposes  a  like  propensity  in  others ; 
and  therefore,  previous  to  all  experience,  may  be 
disposed  to  believe  in  their  testimony.  He  soon 
learns,  however,  that  he  cannot  trust  safely  to  this 
principle  ;  for  he  perceives,  that  though  men  have 
a  tendency  to  speak  the  truth,  they  have  often  mo- 
tives that  lead  them  to  do  the  contrary,  that  tempt 
them  to  conceal  and  even  to  pervert  it}  and  howmuch 

19 
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these  opposite  motives  may  counteract  one  another, 
18  a  matter  only  to  be  collected  from  experience 
and  observation.  Indeed,  it  is  quite  evident,  that 
whatever  propensity  we  naturally  have  to  believe 
in  testimony,  it  must  be  in  itself  extremely  faUa- 
cious,  as  bearing  no  proportion  to  the  probability  of 
the  thing  believed,  or  the  likelihood  that  it  will  hap« 
pen. 

It  is  useless,  therefore,  in  treating  of  probabili- 
ty, to  talk  of  a  tendency  to  believe,  which,  confes- 
sedly not  being  regulated  by  the  experience  of  the 
past,  cannot  be  jlepended  on  for  its  anticipation  of 
the  future.  Such  a  tendency,  whether  natural  or 
acquired,  is  evidently  no  better  than  a  mere  preju- 
dice, and  is  as  likely  to  lead  to  error  as  to  truth. 
The  evidence  of  testimony,  then,  is  measured  in 
the  same  way  with  other  probabilities,  and  is  ex- 
pressed by  the  number  of  instances  in  which  men, 
circumstanced  in  a  particular  way,  have  been  known 
to  speak  true,  divided  by  the  number  of  cases  in 
which  they  have  given  evidence  whether  true  or 
false.  It  is  true  that  the  strict  arithmetical  value 
of  this  fraction  is  hardly  possible,  in  any  case,  to  be 
assigned.  But  a  certain  coarse  and  loose  estimate 
of  it  may  be  formed,  sufficient  for  directing  the 
judgment  and  the  conduct  on  ordinary  occasions. 

The  first  author,  we  believe,  who  stated  fairly 
the  connection  between  the  evidence  of  testimony 
and  the  evidence  of  eiqierience,  was  Hume,  in  hia 
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Essay  on  Miracles,  a  work  full  of  deep  thought 
and  enlarged  views  ;  and,  if  we  do  not  stretch  the 
principles  so  far  as  to  interfere  with  the  truths  of 
religion,  abounding  in  maxims  of  great  use  in  the 
conduct  of  life,  as  well  as  in  the  speculations  of 
philosophy. 

Conformably  to  the  principles  contained  in  it, 
and  also  to  those  in  the  Essay  now  before  us,  if  we 
would  form  some  general  rules  for  comparing  the 
evidence  derived  from  our  experience  of  the  course 
of  nature  with  the  evidence  of  testimony,  we  may 
consider  physical  phenomena  as  divided  into  two 
classes,  the  one  comprehending  all  those  of  which 
the  course  is  known  from  experience  to  be  perfect- 
ly uniform  ;  and  the  other  comprehending  those  of 
which  the  course,  though  no  doubt  regulated  by 
general  laws,  is  not  perfectly  conformable  to  any 
law  with  which  we  are  acquainted;  so  that  the 
most  general  rule  that  we  are  enabled  to  give,  ad- 
mits of  many  exceptions.  The  violation  of  the  order 
of  events  among  the  phenomena  of  the  former 
class,  the  suspension  of  gravity  for  example, — the 
deviation  of  any  of  the  stars  from  their  places,  or 
their  courses  in  the  heavens,  &c. — ^these  are  facts 
of  which  the  improbability  is  so  strong,  that  no 
testimony  can  prevail  against  it.  It  will  always  be 
more  wonderful  that  the  violation  of  such  order 
should  have  taken  place,  than  that  any  number  of 
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witnesses  should  be  deceived  themselves,  or  should 
be  disposed  to  deceive  others. 

It  is  here  very  well  worth  attending  to,  how 
much  the  extension  of  our  knowledge  tends  to  give 
us  confidence  in  the  continuance  of  the  general 
laws  of  nature,  and  to  increase  the  improbability  of 
their  violation.  Suppose  a  man  not  at  all  versed  in 
astronomy,  who  considers  the  moon  merely  as  a  lu- 
minous circle  that,  with  certain  irr^ularities,  goes 
round  the  earth  from  east  to  west  nearly  in  24 
hours,  rising  once  and  setting  once  in  that  interval. 
Let  this  man  be  told,  from  some  authority  that  he 
is  accustomed  to  respect,  that  on  a  certain  day  it 
had  been  observed  at  London,  that  the  moon  did 
not  set  at  all,  but  was  visible  above  the  horizon  for 
24  hours : — ^there  is  little  doubt  that,  after  making 
some  difficulty  about  it,  he  would  come  at  last  to 
be  convinced  of  the  truth  of  the  assertion.  In  this 
he  could  not  be  accused  of  any  extraordinary  and 
irrational  credulity.  The  experience  he  had  of 
the  uniform  setting  and  rising  of  the  moon  was  but 
very  limited ;  and,  the  fact  alleged,  might  not  ap- 
pear to  him  more  extraordinary,  than  many  of  the 
irregularities  to  which  that  luminary  was  subject. 
Let  the  same  thing  be  told  to  an  astronomer,  in 
whose  mind  the  rising  and  setting  of  the  moon 
were  necessarily  connected  with  a  vast  number  of 
other  appearances ;  who  knew,  for  example,  that 
the  supposed  fact  could  not  have  happened,  unless 
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the  moon  had  deviated  exceedingly  from  that  orbit 
in  which  it  has  always  moved ;  or  the  position  of 
the  earth's  axis  had  suddenly  changed  ;  or  the  at- 
mospherical refraction  had  been  increased  to  an 
extent  that  was  never  known.  Any  of  all  these 
events  must  have  affected  such  a  vast  number  of 
others,  that,  as  no  such  thing  was  perceived,  an  in* 
credible  body  of  evidence  is  brought  to  ascertain 
the  continuance  of  the  moon  in  her  regular  course* 
^The  barrier  that  generalization  and  the  explana- 
tion of  causes  thus  raises  against  credulity  and  su- 
perstition,— the  way  in  which  it  multiplies  the  evi- 
dence of  experience,  is  highly  deserving  of  atten- 
tion, and  is  likely  to  have  a  great  influence  on  the 
future  fortunes  of  the  human  race. 

Against  the  uniformity,  therefore,  of  such  laws, 
it  is  impossible  for  testimony  to  prevail.  But  with 
those  laws  that  are  imperfectly  known,  and  that 
admit  of  many  exceptions,  the  violations  are  not  so 
improbable,  but  that  testimony  may  be  suflScient  to 
establish  them.  In  our  own  time  it  has  happened, 
that  the  testimony  produced  in  support  of  a  set  of 
extraordinary  facts,  has  been  confirmed  by  a  scru- 
pulous examination  into  the  natural  history  of  the 
facts  themselves.  When  the  stones  which  were 
said  to  have  fallen  from  the  heavens  came  to  be 
chemically  analyzed,  they  were  found  to  have  the 
same  characters,  and  to  consist  of  the  same  ingre- 
dients, nearly  in  the  same  proportions.     Now,  let 
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U8  suppose  two  such  instanoes :— ^he  first  person 
gives  the  stones  into  the  hands  of  a  naturalist,  and 
their  characters  are  ascertained ;  the  second  does 
so  likewise,  and  the  stones  have  the  same  cha- 
racter.  Now,  if  this  character  were  one  which,  like 
that  of  sandstone,  or  of  limestone^  belongs  to  a 
numerous  class,  the  chance  of  the  agreement  might 
be  considerable,  because  the  chance  that  the  second 
observer  should  fall  on  a  stone  exactly  of  the  same 
species  with  the  first,  would  be  as  the  number  of 
the  stones  existing  of  that  species,  divided  by  the 
whole  number  of  stones,  of  all  different  species 
existing  on  the  face  of  the  earth.  This,  with  re*- 
gard  to  sandstone  or  limestone,  might  be  a  large 
fraction  ;  and  the  coincidence  of  the  two  testimo- 
nies in  a  falsehood  might  not  be  extremely  improba- 
ble. But  if  the  species  is  a  very  rare  one,  the  pro^ 
bability  of  the  coincidence  becomes  extremely  small. 
Suppose,  for  example,  that  it  is  a  species,  numerous 
in  a  medium  degree ;  and  as  there  are  reckoned 
about  261  species,  let  us  suppose  that  the  individuals 
of  the  species  to  which  the  meteoric  stones  belong 
amount  to  g-g^th  part  of  all  the  stones  on  the  sur- 
face of  the  earth.  The  accidental  coincidence  of 
the  second  witness  with  the  first  is  denoted  by 

the  fraction  ^  ;  of  a  third  with  the  other  two,  by 
25T  ^261  ~  68T21  *  ^^*^^^"^^  ^^  '^^  ^^^^^  three, 
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by  ^2gT\3 ;  «nd  so  on.     As  there  are  more  than  ten 

such  cases,  the  chance  of  deceit  or  imposture  is  not 

more  than  j^^gi  that  is,  1    divided  by  the  9th 

power  of  £61,  or  by  a  number  so  large  as  to  con* 
sist  of  22  places.  This  fraction,  though  extremely 
small,  is  vastly  greater  than  the  truth.  The  in- 
dividuals of  this  species,  instead  of  making  a  26lth 
part  of  all  the  stones  on  the  surface  of  the  earth, 
make,  so  far  as  we  know,  no  part  of  them  at  all. 
Here,  therefore,  we  have  a  testimony  confirmed^ 
and  rendered  quite  independent  of  our  previous 
knowledge  of  the  veracity  of  the  witnesses. 

The  truth  of  the  descent  of  these  stones  on  the 
evidence  of  testimony  alone,  would  have  been  long 
before  it  gained  entire  credit ;  and  scepticism  with 
respect  to  it  would  have  been  just  and  philosophical. 
In  certain  states  of  their  information,  men  may, 
on  good  grounds,  reject  the  truth  altogether. 

The  way  in  which  probability  is  affected  by  the 
indefinite  multiplication  of  events,  is  a  remarkable 
part  of  this  theory.  If  out  of  a  system  of  events 
governed  by  chance  (or  by  nO'  perceivable  law)  you 
take  a  small  number,  you  will  find  great  irregula- 
rity, and  nothing  that  looks  like  order,  or  obe» 
dience  to  a  general  rule.  Increase  the  number  of 
events,  or  take  in  a  larger  extent  of  the  domain* 
over  which  you  suppose  chance  to  preside,  you  will 
find  the  irregularities  bear  a  much  less  proportion 
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to  the  whole ;  they  will  in  a  certain  d^ree  compen- 
sate for  one  another ;  and  something  like  order  and 
regularity  will  begin  to  emeige.  In  proportion  as 
the  events  are  further  multiplied,  this  convergency 
will  become  more  apparent ;  and  in  summing  up 
the  total  amount,  the  events  will  appear  adjusted 
to  one  another,  by  rules,  front  which  hardly  any 
deviation  can  be  perceived. 

Thus,  in  considering  the  subject  of  life  and  death ; 
if  we  take  a  small  extent  of  country,  or  a  few 
peoplCf  a  single  parish  for  instance,  nothing  like  a 
general  rule  will  be  diBcovered.  ITie  proportion 
of  the  deaths  to  the  numbers  alive,  or  to  the  num* 
bers  born  ;  of  those  living  at  any  age  to  those 
above  or  below  that  age,— all  this  will  appear  the 
most  di£ferent  in  one  year,  compared  with  the 
next ;  or  in  one  district  compared  with  another. 
But  subject  to  your  examination  the  parish  regi-i 
sters  of  a  great  country,  or  a  populous  city,  and  the 
facts  will  appear  quite  different.  You  will  find  the 
proportion  of  those  that  die  annually  out  of  a  given 
number  of  inhabitants  fixed  with  great  precision,  as 
well  as  of  those  that  are  bom,  and  that  have  reach- 
ed to  the  different  periods  of  life.  In  the  first 
case,  the  irregularities  bear  a  great  proportion  to 
the  whole  :  in  the  second,  they  compensate  for 
one  another  ;  and  a  rule  emerges,  from  which  the 
deviations  on  opposite  sides  appear  almost  equal. 

This  is  true  not  only  of  natural  events,  but  of 
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those  that  arise  from  the  institutions  of  society, 
and  the  transactions  of  men  with  one  another.—- 
Hence  insurance  against  fire,  and  the  dangers  of 
the  sea.     Nothing  is  less  subject  to  calculation,  than 
the  fate  of  a  particular  ship,  or  a  particular  house, 
though  under  given  circumstances.     But  let  a  vast 
number  of  ships,   in  these  circumstances,   or  of 
houses,  be  included,  and  the  chance  of  their  perish- 
ing, to  that  of  their  being  presei*ved,  is  matter  of 
calculation  founded  on  experience,  and  reduced  to 
such  certainty,  that  men  daily  stake  their  fortunes 
on  the  accuracy  of  the  results. 

This  is  true,  even  where  chance  might  be  sup- 
posed to  predominate  the  most ;  and  where  the  causes 
that  produce  particular  effects,  are  the  most  inde- 
pendent of  one  another. 

Laplace  observes,  that  at  Paris,  in  ordinary 
times,  the  number  of  letters  returned  to  the  Post 
Office,  the  persons  to  whom  they  were  directed 
not  being  found,  was  nearly  the  same  from  one 
year  to  another.  We  have  heard  the  same  remark 
stated  of  the  Dead  Letter  Office,  as  it  is  called^  in 
London. 

Such  is  the  consequence  of  the  multiplication  of 
the  events  least  under  the  control  of  fixed  causes : 
And  the  instances  just  given,  are  sufficient  to  illusp- 
trate  the  truth  of  the  general  proposition ;  which 
Laplace  has  thus  stated  > — 

**  The  recurrences  of  events  that  depend  on 
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Qbance,  approach  to  fixed  ratios  as  the  efcnta  be* 
come  more  numerous,  in  such  a  manner  that  the 
pvobability  of  the  mean  results  not  diffisrmg  from 
those  ratios  by  any  given  quantity,  may  come  nearer 
to  certainty  than  the  smallest  limit  that  can  be  as- 
signed.'* 

Thus,  if  in  an  urn,  the  number  of  white  balls  to 
that  of  black,  have  the  ratio  of /?  to  ^,  the  number  of 
white  balls  brought  out  if  the  whole  number  drawn 

be  n,  will  approach  to  — ^  x  n,  the  more  nearly 

the  greater  that  the  number  n  is  taken. 

This  proposition  is  dedudUe  a  priori  from  the 
lhei»7  of  Probability.  It  was  first  demonstrated 
by  Bernoulli,  in  the  Ars  Conjectandi,  by  a  method 
that  is  very  elaborate,  and  confessedly  the  work  of 
much  thought  and  study.  A  more  ample  demon- 
stration Was  given  by  Demoivre,  in  his  Doctrine  of 
Chances.  Our  author,  in  his  Th^orie  Analytique, 
has  given  one  much  preferable  to  either,  deduced 
from  his  Theory  of  Generating  Functions. 

The  solution  of  another  curious  problem  which 
Laplace  has  given,  is  closely  connected  with  the 
preceding.  An  event  having  happened  a  certain 
number  of  times  in  succession,  what  is  the  probabi* 
lity  that  it  will  happen  once  more  ? 

When  the  number  of  times  the  event  has  hap- 
pened is  small,  the  formula  that  contains  the  answer 
to  this  qjaestion  is  considerably  complicated ;  when 
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the  number  is  very  great,  it  is  extremely  simple. 
Suppose  the  number  to  be  ti,  the  chance  that  the 

same  event  will  again  occur,  is    — -,  which,  if  ti  be 

great,  is  very  near  to  unity,  and  may  express  a  pro- 
bability not  sensibly  inferior  to  certainty. 

Thus,  supposing  with  Laplace,  that  the  greatest 
antiquity  to  which  history  goes  back  is  5000  years, 
or  1826213  days,  the  probability  that  the  sun  will 
rise  again  to-morrow,  is,  according  to  this  rule, 

iHelll'  ^^  ^^^^^  ^  1826214  to  1,  to  wager  in 

favour  of  that  event.  This,  therefore,  may  be  con- 
sidered as  affording  a  measure  of  the  probability 
that  the  course  of  nature  will  continue  the  same  in 
future  that  it  has  been  in  time  past.  It  is  not 
however  on  the  refined  principles  of  this  calculus, 
that  the  universal  belief  of  mankind  in  such  con- 
tinuance is  founded.  The  above  theorem  was  first 
^ven  by  Bernoulli.  Our  author's  demonstration  of 
it  in  the  Essai  Analytique,  we  believe  to  be  new 
and  more  simple  than  any  other. 

The  same  multiplication  of  events  enables  us  to 
employ  the  theory  of  probability  in  the  discovery  of 
causes.  On  this  subject  Laplace  has  made  a  num- 
ber of  very  important  observations.  The  pheno- 
mena of  nature  are  for  the  most  part  enveloped  in 
such  a  number  of  extraneous  circumstances,  and  so 
many  disturbing  causes  unite  their  influence,  that 

VOL.  IV,  F  f 
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it  is  very  difficult,  when  they  are  small,  to  separate 
them  from  one  another.  The  best  way  to  discover 
them  is  to  multiply  observations,  that  the  acciden- 
tal effects  may  destroy  one  another,  and  leave  a 
mean  result  containing  only  what  is  essential  to  the 
phenomenon.  The  entire  removal  of  the  acciden- 
tal part  is  not  to  be  expected,  as  has  just  appeared, 
without  an  infinite  number  of  observations :  the 
greater  the  number  of  observations,  however,  the 
more  nearly  is  this  mean  result  approximated. 

Of  this  application  of  the  doctrine  of  Probabili- 
ties, a  number  of  examples  are  then  given.  The 
first  relates  to  the  diurnal  variation  of  the  barome« 
ter,  as  found  from  the  observations  of  that  instru- 
ment made  at  the  Equator,  where  it  is  least  subject 
to  the  action  of  irregular  causes.  From  these» 
there  appears  to  be  a  small  diurnal  oscillation,  of 
which  one  maaiinum  takes  place  about  9  in  the 
morning,  and  a  minimum  about  4  in  the  evening  : 
a  second  majcimum  at  11  at  night,  and  a  second 
minimum  about  4  in  the  morning.  The  oscilla- 
tions of  the  day  are  greater  than  those  of  the  night, 
and  amount  to  about  ~th  of  an  inch.  The  incon- 
stancy of  the  weather  does  not  allow  this  variation 
to  be  immediately  observable  without  the  tropics,  or 
within  the  range  of  the  variable  winds.  Neverthe- 
less, by  applying  the  calculus  of  Probabilities  to  a 
great  number  of  accurate  barometrical  observations 
made  by  Ramond  during  several  successive  years. 
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Laplace  has  found  such  indications  of  the  same  os* 
cillation^  as  to  leave  no  doubt  of  its  existence, 
though  concealed  under  the  irregular  action  of 
many  accidental  causes.  This  oscillation  having 
its  period  equal  to  a  solar  day,  must  arise  from  the 
sun's  action,  most  probably,  in  the  heating  and 
cooling  of  the  atmosphere. 

To  the  same  calculus,  in  what  regards  the  irre* 
gularities  of  the  planetary  system,  our  author  pro- 
fesses to  be  greatly  indebted.  The  difficulty  in 
such  cases  is,  often,  to  know  whether  a  certain  small 
irregularity,  combined  as  it  is  with  many  other  ir- 
regularities, has  an  existence  or  not.  If  it  has  an 
existence,  it  will  give  a  certain  determination  to  all 
the  results  one  way  more  than  another ;  and  by 
comparing  a  great  number  of  results,  the  reality  of 
the  determination  may  be  discovered.  It  is  just  as 
if  a  die  were  thrown  a  great  number  of  times,  and 
it  was  requii-ed  to  find  whether  it  had  a  bias  to  a 
certain  side  or  not.  After  a  vast  number  of  throws, 
if  there  is  no  bias,  each  face  must  have  turned  up 
nearly  the  same  number  of  times.  If  this  is  not 
found  to  hold ;  if  there  be  one  face  which  has 
turned  up  considerably  oftener  than  the  rest,  it  may 
safely  be  concluded  that  there  is  a  bias  to  that  side ; 
and  from  the  calculus  of  probabilities,  the  amount 
of  the  bias  may  be  estimated. 

In  this  way,  the  calculus  may  be  applied  to  seve- 
ral astronomical  phenomena,  and  may  be  consider- 
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ed  as  a  means  of  discovering  from  indticiion,  some 
conclusions  that  could  hardly  be  otherwise  obtained. 
Laplace  gives  an  instance  of  this  in  his  own  re- 
searches^  concerning  the  diminution  of  a  certain  in- 
equality in  the  precession  of  the  equinoxes,  rela- 
tively to  the  moon  only,  which  was  suspected  by 
Mayer,  but  rejected  by  most  astronomers  a9  not  be* 
ing  explaiqed  on  the  principle  of  gravitation.     A 
scrupulous  examination  of  observations,  and  the 
application  of  the  calculus,  convinced  Laplace^  that 
the  existence  of  the  inequality  was  highly  probable ; 
so  that  he  began  to  look  out  for  the  cause  of  it.    It 
was  not  long  before  he  perceived  that  it  must  arise 
from  the  spheroidal  figure  of  the  eiurth,  which  must 
change  a  little  the  laws  of  gravity  towards  that 
body,  and  produce  of  consequence  an  inequality  in 
the  lunar  motions.     This  cause  h^  hitherto  been 
neglected  by  astronomers;  but,  when  taken  into 
account,  it  explained  with  precision  the  irregularity 
in  question,  and  the  magnitude  which,  by  the  rules 
of  probability,   he  had  been  led  to  assign  to  it. 
Other  instances  are  given  in  the  irregularities  of 
Jupiter  and  Saturn,  the  satellites  of  Jupiter,  &c. 
We  shall  only  mention  one  result,  and  it  is  a  very 
remarkable  one,  deduced  from  the  motions  of  the 
planets  being  all  in  the  same  direction. 

"  One  of  the  most  remarkable  phenomena  in  the 
solar  system  is,  that  the  motions  of  rotation  and  of 
revolution  in  the  planets  and  satellites  are  all  in  the 
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same  direction,  viz.  in  that  of  the  sun's  rotation, 
and  not  far  from  the  plane  of  his  equator.  A 
phenomenon  so  remarkable  cannot  be  the  effect  of 
chance:  and  it  obviously  indicates  one  general 
cause,  which  has  determined  all  these  motions.  To 
estimate  the  probability  with  which  this  cause  is 
pointed  out,  it  must  be  considered,  that  the  plane- 
tary system,  such  as  we  now  see  it,  is  composed  of 
eleven  planets  and  eighteen  satellites ;  and  that  the 
rotation  of  the  sun,  of  six  planets,  of  the  satellites 
of  Jupiter,  of  the  ring  of  Saturn,  and  of  one  of  his 
satellites,  are  all  known.  These  movements,  taken 
in  conjunction  with  those  of  revolution,  make  a  to- 
tal of  forty-three — all  in  the  same  direction.  Now, 
by  the  calculation  of  probabilities,  it  will  be  found 
that  there  are  more  than  4  millions  of  millions  to 
wager  against  one,  that  this  disposition  is  not  the 
effect  of  chance ;  a  probability  much  superior  to 
that  of  the  historical  events  about  which  we  enter- 
tain the  least  doubt.  We  must  therefore  believe  at 
least  with  equal  confidence,  that  One  Primitive 
Cause  has  directed  all  the  planetary  motions ;  espe- 
cially when  we  consider,  that  the  greater  part  of 
these  motions  are  also  nearly  in  the  same  plane." 

Our  author  proceeds,  then,  to  offer  some  con- 
jectures concerning  the  physical  cause  to  which 
these  motions  are  to  be  ascribed.  He  brings  toge- 
ther a  great  number  of  facts,  from  Dr  HerschelPs 
observations  concerning  the  nebuke,  which,  com- 
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bined  with  the  preceding,  seem  to  point  out  the 
solar  atmosphere  as  the  most  probable  cause*  But 
where  the  facts  lie  so  far  out  of  the  reach  of  accu* 
rate  observation  as  many  of  these  do,  and  when  the 
supposed  cause  has  ceased  so  entirely  to  act,  (lie 
evidence  we  can  have  is  so  slight,  and  the  difficuU 
ties  so  many,  that  even  the  author  of  the  M^gsp 
nique  Celeste  must  fail  in  giving  weight  and  dura- 
bility to  his  system^ 

In  those  sciences  which  ara  in  a  great  measure 
conjectural,  such  as  medicine,  agriculture,  and  po- 
litics, the  calculus  of  probabilities  may  be  en^loyed 
for  discovering  the  value  of  the  different  methods 
that  are  had  recourse  to.  Thus,  to  find  out  the 
best  of  the  treatments  in  use  in  the  cure  of  a  parti<- 
cular  disease,  the  comparison  of  a  number  of  cases, 
where  the  circumstances  have  been  as  much  alike 
as  possible,  will  enable  us  to  judge  of  the  accidental 
causes  that  in  each  particular  case  assisted  or  imped- 
ed the  cure :  these  last  will  make  a  compensation 
for  one  another ;  and  if  the  number  of  cases  is  suf- 
ficiently gr^at,  will  leave  the  efficacy  or  inefficacy 
of  the  remedies  distinctly  visible. 

^'  The  same,''  he  adds^  **  may  be  aj^ied  to  poll* 
tical  economy ;  with  re:^)ect  to  which,  the  operations 
of  governments  are  so  many  eicpenments,  made  on  a 
great  scale,  and  calculated  to  throw  light  on  the  con- 
duct to  be  pursued  on  similar  occasions*  So  many  un- 
foreseen, concealed,  and  inappreciable  causes,  have  an 
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influence  on  human  institutions,  that  it  is  impossible 
to  judge  a  priori  of  their  effects. — Nothingbut  a  long 
series  of  experiments  can  unfold  these  effects^  and 
point  out  the  means  of  counteracting  those  that  are 
hurtfiiL  It  would  conduce  much  to  this  object, 
if,  in  every  branch  of  the  administration,  an  exact 
register  were  kept  of  the  trials  made  of  different 
measures ;  and  of  the  results,  whether  good  or  bad, 
to  which  they  have  led/* 

He  concludes  with  a  maxim,  which  the  circum- 
stances of  the  times  in  which  he  has  lived,  must 
have  but  too  deeply  engraven  on  the  mind  of  every 
Frenchman* 

**  Ne  changeons  qu'avec  une  circonspection  ex- 
treme nos  anciennes  institutions  et  usages  auxquels 
nos  opinions  et  nos  habitudes  se  sont  depuis  long- 
tems  pli^s.  Nous  connaissons  bien  par  l'exp&» 
rience  du  passd  les  inconv^ens  qu'ils  nous  pr^ 
sentent  \  mais  nous  ignorons  quelle  est  P^tendue 
des  maux  que  leur  changement  pent  prodnire/' 

These  are  safe  and  just  maxims ;  and  we  are  glad 
to  think  that  he  who  expresses  them  holds  ahigh  oU 
tuation  in  the  government  of  his  country.  There  is, 
however,  another  maxim  grounded  also  on  the 
doctrine  of  Ftobabiiity,  which  we  should  think 
hardly  less  necessary  than  this,  viz.  that  the  rulers 
of  mankind,  in  order  to  remove  as  much  as  possi- 
ble all  chance  of  sudden  and  great  revolutions, 
would  strike  at  the  roots  of  the  causes  which  so  of* 
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ten  render  them  inevitable,  by  taking  care  that  all 
political  institutions  are  gradually  and  slowly  cor- 
rected, as  their  errors  are  found  out,  or  as  new  cir- 
cumstances in  the  situation  of  the  world  render 
them  inaj^licable.  The  negative  precept,  of  not 
changing  things  but  slowly,  is  not  alone  sufficient ; 
it  ia  ncx^essary  to  add  the  affirmative  precept,  of 
changing  them  slowly,  but  readily,  vrhen  reason  fw 
such  change  appears.  In  this  way,  the  causes  that 
tend  to  disturb  the  public  order  are  prevented 
from  accumulating,  so  as  to  create,  or  even  to  jus- 
tify, the  spirit  of  revolution  ;  and  by  gradual  refor- 
mations, which  may  be  made  without  danger,  those 
great  changes  are  avoided  which  cannot  happen 
without  incalculable  mischief. 

One  of  the  most  important  applications  of  the 
doctrine  of  Probability,  is  to  determine  the  most 
probable  meaTif  or  average,  among  a  number  of  ob- 
servations.    The  most  accurate  experiments  and 
observations  are  liable  to  errors,  which  must  affi^ct 
the  truth  of  the  results  obtained  from  them.     To 
make  these  disappear  as  much  as  possible,  observa- 
tions must  be  greatly  multiplied,  in  order  that  the 
errors  in  defect  and  in  excess  may  destroy  one 
another,  and  the  mean,  of  consequence,  become 
nearly  correct.      Still,   however,  the   manner  of 
striking  this  mean  to  the  greatest  advantage,  re- 
mains to  be  examined,  as  also  the  d^ree  of  error 
to  which,  after  all,  it  must  be  liable. 
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For  a  long  time  mathematicians  were  contented 
with  taking  the  arithmetical  mean  as  the  true  result 
of  the  observations  ;  that  is,  they  added  them  all 
together,  and  divided  the  sum  by  the  number  of  ob- 
servations. This  was  sufficient  when  the  observa- 
tions appeared  to  be  all  equally  good,  and  entitled 
to  equal  weight  in  the  determination  of  the  result. 
This,  however,  was  far  from  being  always  the  case ; 
and  Cotes  was  the  first,  as  Laplace  remarks,  who 
thought  of  a  method  by  which  each  observation 
should  have  an  influence  in  the  determination  of 
the  results  proportioned  to  its  real  value.  Suppose 
that  it  is  the  position  of  an  object  that  is  required 
to  be  found  by  astronomical  observation ;  let  the 
place  given  by  each  individual  observation  be  found, 
and  at  each  of  these  conceive  a  weight  to  be  placed 
proportional  to  the  accuracy,  or  inversely  as  the 
error  which  it  is  reasonable  to  assign  to  that  parti- 
cular observation ;  the  centre  of  gravity  of  all 
these  weights  is  the  true,  or  the  most  probable 
place  of  the  object.  This  was  in  fact  a  generaliza- 
tion of  the  common  method  of  taking  an  arithme- 
tical mean ;  for  it  is  only  conceiving,  that  if  one 
observation  A,  was  twice  as  good  as  another  obser- 
vation B,  then,  instead  of  A,  there  should  be  ac- 
counted two  observations  of  the  same  value  with  B, 
and  giving  the  same  result  with  A,  and  so  on  in  any 
other  proportion,  even  if  the  proportion  were  ex- 
pressed by  a  fraction.     The  principle  here  is,  that 
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after  a  great  number  of  observations,  the  errors  in 
opposite  directions  (the  positive  and  negative  errors) 
must  be  equal*  This  is  true,  if  the  number  were 
infinitely  great ;  and,  in  all  caaea,  affords  a  probable 
approximation  to  the  truth. 

The  above  theorem,  which  Cotes  has  given  at 
the  end  of  his  Estimatio  Errorum,  admits  of  a  sim- 
ple analytical  expression,  but  does  not  appear,  as  is 
remarked  by  Laplace,  to  have  been  made  use  of  till 
JBoler,  in  his  tract  on  the  Inequalities  of  Jupiter 
and  Saturn,  employed  equations  of  condition,  for 
the  first  time,  in  determining  the  elements  of  the 
orbits  of  these  two  planets.  Much  about  the  same 
time,  Tobias  Mayer  empbyed  similar  methods  in 
his  Inquiry  into  the  Libration  of  the  Mocm,  and 
afterwards  in  his  Lunar  Tables. 

The  method  of  Cotes,  when  there  is  but  one  re- 
sult to  be  determined,  is  of  most  easy  application ; 
but  when  there  are  more  than  one,  and,  of  conse- 
quence, as  many  equations  as  there  are  observa- 
tions, it  is  not  obvious  how  it  can  be  applied,  and 
how  the  equations  are  to  be  combined  to  the  best 
advantage.  The  idea  occurred  to  Legendre  to  in- 
troduce another  equation,  by  supposing  the  sums 
of  the  squares  of  the  errors  of  the  observations  to  be 
a  minimum.  *     This  is  a  very  hi^y  generalization 


*  Nouvelles  M^thodes  pour  la  Determination  des  Orbites 
des  Comdtes.     Pftris^  1806. 
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of  the  method  of  the  centre  of  gravity,  and  appli- 
cable to  cases  to  which  it  could  not  easily  be  accom- 
modated. The  same  idea  occurred  to  M.  Gauss 
about  the  same  time.  It  was  not  demonstrated, 
however,  till  it  was  done  in  the  Th^orie  Analytique 
of  Laplace,  that  the  result  thus  obtained  is  the  best 
of  all,  that  which  leaves  the  least  probable  error,  the 
limits  of  which  are  assigned  at  the  same  time. 

The  mean  result  being  determined,  the  following 
rale  for  the  limit  of  the  accuracy  is  given  :  Take 
the  difference  between  the  mean  result  of  all  the 
observations^  and  the  result  of  each  particular  ob-^ 
servation.  I'he  mean  error ^  or  the  greatest  that 
is  to  bejeared^  (and  it  may  be  either  positive  or 
negativcj)  is  a  fraction^  having  for  its  numerator 
the  square  root  qf  the  sum  of  the  squares  qf  the 
differences  above  obtained,  and  for  its  denominator 
the  number  qf  observations  multiplied  into  the 
square  root  qfthe  number  which  denotes  the  ratio 
qfthe  circunforence  to  the  diameter • 

Thus,  if  the  differences  between  the  mean  of  the 
observations  and  the  observations  themselves  be  a^ 
bj  c,  df  and  if  n  be  their  number,  the  meBXk  error  it 


^  fl«  4.  A'*  +  c«  +  *c. 


It  would  be  unsafe  to  wager  that  the  error  was 
less  than  this  quantity. 

It  will  no  doubt  appear  singular,  that  a  quantity 
V*"  hiring  apparently  no  connection  with  the  mat- 
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ters  in  hand,  should  enter  into  the  above  expres- 
sion. It  is  introduced  there  by  the  operation  of  in- 
tegration ;  by  means  of  which,  it  is  often  brought 
into  expressions,  where  it  was  not  expected.  Ber- 
noulli was  the  first  who  found  the  quantity  «•  enter 
into  the  expressions  of  probability  ;  and  he  appears 
to  have  thought  it  very  remarkable. 

The  preceding  conclusion  may  be  useful  in 
many  cases  of  practical  astronomy,  and  in  other 
parts  of  natural  philosophy  ;  or,  indeed,  when  any 
thing  is  to  be  determined  in  quantity  or  position 
from  a  great  number  of  observations  ;  and  especial- 
ly when  the  things  to  be  found  are  represented  by 
the  coefficients  of  the  terms  of  an  algebraic  for- 
mula. 

As  an  instance : — Suppose  it  were  required 
having  two  sorts  of  lunar  tables  ;  and,  having  com- 
pared them  with  observations,  to  determine  which 
is  the  best.  The  common  way  is  tp  add  together  the 
errors  of  observation,  and  to  take  the  arithmetical 
mean  ;  the  tables  to  which  the  least  mean  error  be- 
longs, are  accounted  the  best.  This,  however,  is  not 
the  way  in  which  the  question  ought  to  be  decided. 
The  sums  of  the  squares  of  the  differences  between 
the  observed  and  the  calculated  places  should  be  ad- 
ded together :  that  set  in  which  the  square  root  of 
the  sum  divided  by  the  number  of  observations  is 
least,  is  the  most  exact.  If  the  number  of  the 
terms  be  the  same,  the  mere  comparison  of  the 

12 
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sums  of  the  squares  decides  on  which  side  the  pre- 
ference lies.     This  instance  of  the  utility  of  the 
method  of  finding  the  mean  is  given  by  Laplace 
himself.    Another  of  the  same  kind  may  be  added. 
—Suppose  that  two  chronometers  have  been  com- 
pared with  the  sun  at  noon,  for  a  certain  number 
of  days  running,  and  from  the  register  kept  of 
their  errors  it  is  required  to  find  which  of  them  is 
the  best.     This  ought  to  be  done  by  taking  the 
sqiiares  of  the  differences  of  the  errors  of  the  chro- 
nometer for  every  day  ;  that  in  which  the  sum  of 
these  squares  is  the  least,  is  the  preferable  time- 
keeper.    If  it  is  required  to  compute  the  error 
that  might  be  found,  if  either  qf  them  were  ap<- 
plied  to  find  the  longitude,  it  will  be  determined 
by  the  formula  above,  and  will  be  very  considerably 
different  from  the  result  that  would  arise  from  a 
mere  arithmetical  mean. 

We  have  here  an  instance  of  a  problem,  to  which, 
in  this  country,  very  frequent  recourse  has  been  had 
in  the  trials  of ,  chronometers  for  the  longitude. 
The  only  method  of  resolving  it,  has  hitherto  been 
foy  finding  the  arithmetical  mean,  which,  however, 
the  late  Astronomer- Royal  did  in  a  particular  way, 
which,  though  not  the  same  with  this,  was  proba- 
bly the  best  then  known.  It  is,  however,  certain, 
that  the  true  going  of  a  clock,  or  the  measure  of 
its  merit,  cannot  be  accurately  determined,  but  by 
means  of  the  rule  which  has  just  been  explained, 
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We  shall  conclude  our  extracts  from  this  small 
but  comprehensive  volume,  with  one  from  the  ar« 
tide  on  Population,  which  we  have  great  pleasure 
in  laying  before  our  readers. 

*^  The  ratio  of  the  population  to  the  number  ef 
births  would  be  increased  if  we  could  diminish  or 
destroy  any  disease  that  is  dangerous  and  common. 
This  has  been  done,  happily,  in  the  case  of  the 
small-pox,  first  by  the  common  inoculation  for  the 
disease  itself,  and  afterwards  in  a  much  more  com- 
plete manner  by  the  vaccine  inoculation,  the  in- 
estimable discovery  of  Jenner,  who  has  rendered 
himself,  by  that  means,  one  of  the  greatest  bene- 
factors of  the  human  race. 

*<  The  most  simple  way  of  calculating  the  ad- 
vantage which  the  extinction  of  a  disease  would 
produce,  consists  in  determining  from  observation 
the  number  of  individuals  of  a  given  age  who  die 
of  it  yearly,  and  in  subtracting  the  amount  from 
the  total  number  of  deaths  of  persons  of  that  same 
age.  The  ratio  of  the  difference  to  the  total  number 
alive  at  the  same  age  would  be  the  probability  of 
dying  at  that  age  if  the  disease  did  not  existl  By 
summing  up  all  these  probabilities  from  the  begin- 
ning of  life  to  a  given  age,  and  taking  the  sum 
from  unity,  the  remainder  will  be  the  probability 
of  living  to  that  age,  on  the  hypothesis  of  the  disease 
in  question  being  extinguished.  From  the  series  of 
these  probabilities,  the  mean  duration  of  life  on 
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the  same  supposition  may  be  computed,  aecordiDg 
to  rules  that  are  well  known.  M.  Duvilard  has 
found  that  the  mean  duration  of  human  life  is  in- 
creased at  least  three  years  by  the  vaccine  inocula- 
tion.**    p.  69. 

But  as  this  review  is  now  in  danger  of  becoming 
longer  than  the  book  reviewed,  we  shall  conclude^ 
with  recommending  to  our  readers  the  perusal  of 
the  work  itself ;  and  with  assuring  them,  that  they 
will  find  in  it  much  valuable  and  important  matter, 
which  has  not  fallen  within  the  scope  of  this 
analysis. 
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1 HB  Baron  de  Zach  is  known  in  the  scientific 
world  as  an  astronomer,  and  as  the  author  of  seve- 
ral works  on  the  practical  parts  of  the  mathemati- 
cal sciences.  He  is  a  native  of  Germany  ;  and  his 
principal  residence,  if  we  mistake  not,  has  been  at 
the  court  of  the  Prince  of  Saxe-Gotha.  He  ap- 
pears, from  what  is  mentioned  in  these  volumes, 
to  have  been  employed  in  180S  by  the  King  of 
Prussia,  in  constructing  a  map  of  Thuringia,  from 
an  actual  survey.  Several  years  ago  he  visited  Eng- 
land ;  and  resided  there  for  a  considerable  time. 
He  lived  much  in  the  family  of  Lord  Egremont ; 
and  we  owe  to  him  the  discovery  of  several  unpub- 
lished MSS.  of  Harriot,  one  of  the  aUest  and  most 
inventive  mathematicians  of  the  age  in  which  he 
lived.     These  the  Baron  found  among  the  papers 

*  Fromlhe  Edinburgh  Review,  VoL  XXVI.  (1816.)— £». 
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of  the  nobleman  just  named.  They  have  since 
been  consigned  to  the  pare  of  the  University  of 
Oxford  i  and  are  now,  we  have  no  doubt,  in  the 
progress  toward  publication.  * 

Circumstances,  of  which  he  does  not  inform  us, 
having  led  him  to  Marseilles  in  1810,  and  induced 
him  to  make  some  considerable  stay  in  that  city,  a 
climate  and  situation  so  favourable  for  observation 
naturally  inclined  him  to  undertake  the  solution  of 
jsome  of  the  great  problems  of  practical  astronomy* 
He  was  provided  with  a  good  apparatus  ;  and  the 
research  he  thought  of  pursuing  was  one  abundant- 
ly nice  and  difficult-^the  attraction  of  mountains. 
.    It  is  to  the  discoverer  of  the  principle  of  univerr 
sal  gravitation  that  we  owe  the  first  idea  of  such  at^ 
traction,  as  a  thing  not  only  real,  but  capable  of 
being  ascertained  by  actual  observation.    Newton, 
in  his  Tract  De  Mundi  Systematey  %  22,  computes, 
that  a  plummet,  at  the  foot  of  a  hemispherical 
mountain  three  mileis  high,  and  six  broad,  (at  the 
base,)  would  be  drawn  about  two  minutes  out  of 
the  perpendicular.     This  suggestion  was  sufficient 
to  rouse  the  attention  of  astronomers,  who  could 
not  but  remark,  that  a  cause  was  here  pointed  out, 
which,  in  certain  circumstances,  might  greatly  im<» 
pair  the  accuracy  of  their  observations.     It  does 
not,  however,  appear  that  any  one  undertook  to  in* 
vestigate  the  subject  experimentally,  till  the  visit 
made  to  the  Andes  by  the  French  and  Spanish 
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academicians  ab(mt  the  year  1738*  The  sight  of 
the  mountains  which  form  so  stupendous  a  rampart 
along  the  shores  of  the  Pacific  Ocean,  could  not 
but  remind  these  astronomers  of  the  influence  which 
such  masses  might  have  on  the  accuracy  of  the  ob- 
servations by  which  they  were  to  ascertain  the  fi- 
gure and  magnitude  of  the  earth.  M.  Bouguer,  a 
most  active  and  skilful  astronomer,  proposed  to.  9B^ 
certain  the  fact  by  actual  observation  ;  and  began 
with  making  a  coarse  estimate  of  the  effect  which 
might  be  expected  from  Chimbora9o,  the  highest 
of  the  G)rdilleras,  elevated  more  than  SOOO  toiset 
above  the  level  of  the  sea,  and  not  less  than  I7OO 
above  the  level  of  the  plain  from  which  it  rises. 
From  the  dimensions  of  this  enormous  mass,  he 
computed  that  it  might  draw  the  plummet  out  of 
the  perpendicular  by  l^  40^ ;  a  quantity  much  too 
large  to  escape  observation. 

So  skilful  and  ingenious  an  observer  as  Bouguer, 
could  not  fail  quickly  to  perceive,  that  there  >  were 
more  ways  than  one  by  which  the  quantity  of  this 
attraction  might  be  experimentally  ascertained* 

It  is  obvious  that,  abstracting  from  all  disturb- 
ance of  the  plumb-line,  the  altitude  of  any  given 
celestial  body  when  it  passes  the  meridian  is  the 
same  in  all  places  under  the  same  parallel  of  ladp 
tude,  or  in  all  places  due  east  and  west  of  one  ano- 
ther. If,  therefore,  two  stations  are  chosen,  one  at 
the  foot  of  a  mountiuni  suppose  oa  the  south  side^ 
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and  another  at  a  considerable  distance  to  the  east 
m  west  of  the  former,  the  meridian  altitude  of  the 
nme  star,  if  the  mountain  have  no  attracUon,  will 
be  the  same  at  both  these  stations.  But  if,  at  the 
first  station,  the  plummet  be  drawn  towards  the 
mountain,  that  is,  if  the  apparent  zenith  be  carried 
towards  the  south,  the  meridian  altitudes  of  the 
(Btar  at  the  two  stations,  will  diflfer,  by  the  devia- 
tion of  the  plumb-line  from  the  true  perpendicidar. 
Iff  then,  observations  are  made  at  two  such  sta- 
tions, the  questions,  whether  the  mountain  has  any 
attraction,  and  what  tiie  quantity  of  that  attraction 
is,  will  both  be  resolved.  It  will  add  to  the  accu- 
nu7  of  the  determination,  if  stars  to  the  south  and 
nortii  of  the  zenith  he  observed  at  both  stations. 
Those  to  the  south  will  have  their  zenith  distances 
diminished,  and  those  to  the  north  vnll  have  them 
increased,  by  the  same  quantity,  when  compared 
with  the  observations  made  beyond  the  influence  of 
the  mountain  ;  so  that  the  e&ct  to  be  measured 
will  be  doubled. 

Another  method  proposed  by  these  academi- 
cians was,  to  take  two  stations,  one  on  the  south, 
and  another  on  the  north  side  of  the  same  moun- 
tain, and  as  nearly  as  possible  in  the  same  meridian. 
From  the  zenith  distances  of  the  same  stars  observ- 
ed at  each  station,  the  difference  of  their  latitudes 
might  be  very  accurately  determined.  The  dififer* 
ence  of  the  latitudes  might  also  be  determined 
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from  the  dtstanoe  between  the  same  stAtibnfi^  fbttnd 
from  8  trigopometrical  gurvey  of  the  grouiid.  The 
diflferenoe  of  these  determinations  would  ^e  the 
sum  of  the  deviations  of  the  plumh-line  on  the  op^ 
posite  sides  of  the  mountain  ;  and^when  divided  in 
the  inverse  ratio  of  the  squares  of  the  distances  of 
the  stations  from  the  centre  of  gravity  of  the  niass^ 
would  give  the  deflection  of  the  plummet  at  eadk 
station.  * 

A  third  method  supposes  one  observer  to  lie 
placed  at  the  eastern  foot  of  the  mountain,  and  a»- 


*  The  Baron  de  Zach  has  fiillen  into  an  error  in  quotings 
or  rather  in  interpreting^  a  rule  laid  down  by  Bouguer^  for 
dividing  the  deflection  between  the  two  stations^  and  allowing 
to  each  side  of  the  moimtaiir  its  due  propcjfrtion  of  tfa^  efieet 
The  formula  of  that  academician^  ill  the  case  that  tJM  itl^kos 
are  in  the  same  meridian^  but  at  difiEerent  diftanoes  ftook  the 
centre  of  gravity  of  the  mountain^  requires  that  the  sum  .of 
the  deviations,  or  the  total  deviation  observed^  should  be  di- 
vided between  the  stations,  in  the  inverse  ratio  of  the  squares 
of  theor  distances  fhimi  the  centre  of  gravity  it  the  modif- 
tam^  as  is  stat^  sto^  The  Baron  nu^ea  it  id  Ite^'dimtt 
xatiQ  of  the  cid>ea ;  fidhiring  at.  liie  same  tim^  W.  B6uguer> 
whose  general  propositioD^.  on  the  contiaxy^  giv^  the  result 
just  mentioned.  The  theorem  of  the  Baron  is  obviously 
wrong  ;  and  even  the  theorem  of  Bougiier  is  but  a  coarse 
approximation ;  as^  in  ani  frregtflldr  flgute  such  a^  that  of  a 
mountain;  the  attraction  does  not  vary  asanypbwer  of  tHe 
^istanoe  fr  om  tfai  caKlxe0f  giavi^;  avfinwaojfiiisdiiniit 
whatsoever. 
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Other  at  the  western.  If  each  of  these  obaerren 
r^date  his  clock  exactly  by  e<|aai  altitudes,  or  by 
the  time  when  the  sun  passes  over  the  meridiaii^ 
the  difference  of  time  pointed  out  by  the  docks,  or 
the  difference  of  longitude  of  the  stationsy  will  be 
greater  than  if  the  mountain  had  not  acted  on  the 
plummets,  and  carried  the  one  zenith  too  far  to  the 
east,  and  the  other  too  far  to  the  west.  If  this  dif* 
ference,  therefore,  be  determined  by  signals  made 
at  each  station,  and  observed  at  the  other,  it  will 
he  discovered,  whether  the  diffinrenees  of  kmgitudf 
so  found  correspond  to  the  measured  distance  by 
which  the  one  observatory  is  east  or  west  of  the 
other.  This  method,  though  perfectly  good  in 
theory,  would  be  found  more  subject  to  error  than 
that  just  described,  in  the  same  degree  that  the 
difference  of  the  longitude  of  two  points  is  less 
easily  determined  than  their  difference  of  lati- 
tude. 

The  French  academicians  made  trial  of  the  first 
of  these  methods,  by  placing  their  instruments  on 
the  south  side  of  the  great  mountain  of  Chimbora- 
90.  They  observed  the  meridian  altitude  of  some 
stars  on  the  north,  and  of  others  on  the  south  side 
of  the  zenith  ;  and  they  repeated  the  same  obser- 
vations of  the  same  stars  a  league  and  a  half  to  the 
west  of  the  first  station,  where  they  conceived 
themselves  to  be  out  of  the  reach  of  the  aetion  of 
the  mountain.     By  comparing  the  observations  at 


^ 
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the  two  stations,  they  had  a  difference  twice  m 
great  as  if  they  had  only  observed  stars  on  one  side 
of  the  zenith.     They  would,  however,  have  pre- 
ferred the  method  of  observing,  first  on  the  south, 
and  then  on  the  north  side  of  the  mountain,  if  it 
had  not  been  that  Chimboraqo  is  inaccessible  from 
the  north.     They  found,  in  this  way,  that  the  ze- 
nith, by  the  action  of  the  mountain  on  the  plumi? 
met,  had  been  carried  7? '  towards  the  south ; .  a 
quantity  vastly  less  than  they  had  anticipated,  and 
insufl^ent,  in  reality,  considering  that  their  in- 
struments were  not  so  perfect  but  that  inconsia* 
tencies  of  19^^  and  even  26^\  sometimes  enteried 
into  their  observations,  to  determine  the  question 
whether  the  mountain  had  or  had  not  a  sensible 
effect  on  the  plumb-line.     From  that  time,  hoW« 
ever,  to  the  year  1773f  no  attempt  wa^made  to  de-> 
termine  this  curious  and  interesting  fact  in  physi- 
cal astronomy.     In  that  year,  the  Astronomer- 
Royal  at  Greenwich  proposed  to  the  Royal  Society 
of  London  to  make  an  experiment  oi  the  same  kind 
on  some  of  the  mountains  of  Great  Britain.    Af- 
ter a  careful  survey  of  the  principal  mountains  both 
in  England  and  Scotland,  the  mountain  of  Scheha^ 
lien,  *  in  the  latter  country,  was  judged  to  be  more 

•  In  a  note  on  the  word  Schehalien,  our  author  saya :— * 
'<  Montague  appel6e  dans  le  pays^  en  langue  Erse^  Maidemi- 
pap,  qui  veut  dire  orage  perpetnel."     There  could  not  be  a 
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advantageously  situated  than  any  other.  Dr  Mas* 
kelyne  himself  undertook  the  operation  ;  and  with 
tiie  same  excellent  zenith  sector  which  he  had  car- 
ried to  the  island  of  St  Helena  when  he  went  to 
observe  the  transit  of  Venus  in  176lf  he  observed 
the  zenith  distances  of  stars,  first  on  the  south,  and 
then  on  the  north  side  of  the  mountain.  Notwith- 
standing a  most  unfavourable  summer,  he  made 
S97  observations,  and  determined  the  zenith  dis- 
tances of  the  same  40  stars  at  each  of  the  two  sta« 
tions.  The  diffisrence  of  the  latitude  of  the  two 
stations  obtained  from  these  observations,  compar- 
ed with  that  which  was  inferred  from  the  measure- 
ment of  their  distance  on  the  ground,  gave  decid- 
edly 5'^8  for  the  action  of  the  mountain  on  tfa^ 
phnnmet  of  the  sector.  Tlie  great  number  of  these 


more  unfortunate  translation.  The  Gaelic  etymologists  do 
indeed  differ  as  to  the  derivation  and  import  of  the  word 
Schehalien,  According  to  one  derivation,  it  signifies  Maiden^ 
pap;  according  to  another,  it  is  said  to  signify  perpetual 
storm  :  And  if  the  figure  of  the  mountain  be  brought  as  an 
evidence  of  the  former  derivation,  the  weather  that  so  ofleo 
prevails  around  it  may  be  brought  in  support  of  the  latter. 
The  learned  Baron,  however,  putting  these  two  interpreta- 
tions into  one,  has  been  so  unlucky  as  to  give  Maiden-pap 
and  perpetual  storm  as  synonymous  expressions.  From  this 
inaccuracy^  his  residence  for  several  years  in  London  ought 
to  have  delivered  him ;  for  though  he  could  not  learn  there 
what  was  Erse,  he  might  have  learned  what  was  English. 
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observations,  and  their  perfect  agreement  with  one 
another,  leaves  no  doubt  at  all,  that  mountains  such 
as  Schehalien,  or  of  the  height  of  SOOO  feet,  are 
able  to  draw  the  plumb-line  5"  or  &^  out  of  the 
perpendicular. 

We  must  not  here  omit  to  observe,  that  the  re- 
searches of  the  Baron  de  Zach  have  brought  out  a 
circumstance  hitherto   unobserved,,  vastly  to  the 
credit  of  Dr  Maskelyne's  accuracy.     That  astrono- 
mer, as  he  tells  us  himself,  thougb  he  had  made 
observations  on  43  stars,  did  not  calculate  the  effect 
from  any  more  than  the  ten  which  he  considered 
as  the  best  determined,  in  order  that  he.  might  sa- 
tisfy more;  speedily  the  impatience  of  the  Society  to 
be  made  acquainted  with  the  result  of  his  experi- 
ments.    It  do^  not  appear  that  he  himself  after- 
wards, or  any  other  astronomer,  ever  undertook  thp 
remaining  part  of  this  task,  which,  however,  the 
Baron  de  Zach  has  now  performed  with  hia  usual 
skill  and  accuracy.     He  has  calculated  the  reaulta 
of  all  the  5S7  observations  which  Dr  Madcelyne 
had  made  on  the  aenith  distances  of  the  4S  stai^ 
just  mentioned.  Tliree  of  these  stars  not  having  been 
seen  from  the  stations  both  on  the  north  and  south 
aide  of  the  mountaio,  cannot  be  takeii  into  accouhti 
From  the  40  that  remain,  the  condusioD  deduct 
IS,  that  the  celestial  arc  brt  ween  the  Eenith  of  th^ 
two  observatories  waa.  54^^.651.     Now,  from  die 
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measurement  on  the  ground,  the  same  arc  comes 
out  43^^019;  the  difference,  ll'',632,  being  the 
sum  of  the  attractions  of  the  opposite  sides  of  the 
mountain.  The  half  of  this,  5^^816,  is  the  e£Rsct  on 
each  side,  precisely  the  same  which  Dr  Maskelyne 
has  deduced  from  the  observations  which  he  consi- 
dered as  the  best.  This  verification  of  his  work 
is  in  itself  highly  satisfactory,  and  very  gratifying 
to  those  who  enjoyed  the  friendship,  and  who  re- 
spect the  memory  of  that  excellent  astronomer. 

Among  the  means  of  resolving  the  problem  of 
the  attraction  of  mountains,  we  must  not  omit  one 
which  was  proposed  by  Boscovich.  This  was,  to 
suspend  a  plummet  from  a  high  tower,  situated  on 
the  sea-shore,  where  the  rise  of  the  tide  was  v^ 
great,  and  where  the  different  positions  of  the 
plumb-line,  at  high  and  low  water,  might  be  di- 
rectly observed.  This  method,  however,  though 
simple  at  the  first  view,  is  incumbered  by  so  many 
difficulties,  that  we  believe  it  has  never  been  un- 
dertaken. A  very  ingenious  improvement  on  it, 
proposed  by  the  late  Professor  Robison,  consisted 
in  observing  the  alteration  of  the  level  of  a  fluid, 
caused  by  the  access  and  recess  of  the  great  wave 
of  the  tide,  which  alteration  was  to  be  measured  by 
the  reflection  of  a  fixed  object  from  the  surface  of 
the  fluid.  The  fluid  might  be  the  water  in  a  deep 
well,  close  to  the  sea-shore.     We  do  not  think 
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that  this  notion  is  entirely  inapplicable  to  practice  ; 
and  we  believe  all  must  agree  that  it  is  very  inge- 
nious. 

The  Baron  de  Zach,  when  at  Martseilles  in  the 
year  1810,  finding  himself,  as  has  been  said,  in  a 
situation  most  favourable  to  astronomical  observa- 
tions, and  being  also  furnished  with  good  instnju* 
ments,  though  not  such  as  the  zenith  sector  ent- 
ployed  by  Dr  Maskelyne,  yet  conceived  that  the 
position  of  Marseilles,  with  a  chain  of  hills  rising 
on  the  one  side,  and  the  Mediterranean  stretching 
out  on  the  other,  afforded  great  conveniency  for 
trying  whether,  with  such  instruments  as  he  possess- 
ed, the  attraction  of  a  mountain  of  moderate  size 
could  be  rendered  sensible. 

The  scene  of  his  observations  was  the  bottom  of 
a  chain  of  calcareous  mountains,  which,  at  the  dis- 
tance of  6000  or  8000  toises  from  the  city  of  Mar- 
seilles, extends  from  east  to  west.  The  highest 
part  of  the  chain,  called  the  hill  of  Mimet,  has  an 
elevation  of  about  400  toises  above  the  level  of  the 
sea.  On  the  side  of  it,  and  at  the  height  of  about 
250  toises,  are  the  ruins  of  an  old  convent,  known 
by  the  name  of  Notre  Dame  des  Anges,  command- 
ing a  fine  view  of  the  Mediterranean  at  the  distance 
of  five  or  six  miles,  extending  indefinitely  toward 
the  south.  In  the  south-west,  at  the  distance  of 
about  8000  toises  from  the  coast,  an  insulated  rock, 
in  the  middle  of  the  sea,  rises  just  above  the  8ur« 
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face,  and  is  called  Plale  de  Hanier,  on  which  stands 
a  light-house.     The  position  of  these  two  points 
seemed  very  favourable  for  the  proposed  eicperi- 
menty  which  was  to  be  made  by  determining  the 
difference  of  latitude  of  the  two  points,  the  convent 
and  the  light-house,  by  astronomical  observation, 
4md  then  connecting  them  together  by  a  series  of 
triangles,  in  order  to  ascertain  the  same  difference 
by  trigonometrical  measurement.     At  N.  D.  dea 
Anges  the  hill  of  Mimet  would  exert  its  fiill  ac- 
tion on  the  plumb-line,  or  on  the  liquor  in  the  spi- 
rit level.     At  Isle  de  Planier,  on  the  contrary,  on 
the  surface  of  an  insulated  rode,  and  at  the  distance 
of  8000  toises  from  the  land,  and  16,000  fnmi  the 
mountain,  the  action  of  the  hill  must  amount  to 
nothing ;  and,  consequently,  the  differmce  between 
the  amplitude  of  the  arch  of  the  meridian,  deter- 
mined by  celestial  observation,  and  inferred  from  ter- 
.  restrial  measurement,  would*give  the  effect  of  the  at- 
traction, uncombined  with  any  other  force  either  as- 
sisting or  opposing  iU    The  instruments  with  which 
the  Baron  waaFuvhisbed,' were>  a  repeating  circle  of 
twel veiftcfaesamdius by  Reichenbach,  with  which  he 
proposed  to  measure  the  distances  from  the  zenith ;  a 
repeating  theodolite  of  eight  inches  radius  by  the 
same  artist,  for  observing  azimuths  and  terrestrial 
angles ;  an  English  sectant  of  nine  inches  radius 
by  Troughton,  for  taking  corresponding  altitudes, 
to  regulate  four  chronometers,  thi*ee  constructed 
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by  Josiah  Emery  of  London,  and  one  by  Louis 
Berthoud  of  Paris.  With  these  he  b^an  his  ob- 
servations at  the  station  of  Notre  Dame  des  Anges ; 
and,  by  874  altitudes,  determined  the  true  ssemtb 
distances  of  a  great  number  of  stars,  all  which  wis 
done  between  the  11th  and  24th  of  July  1810. 

The  situation  of  this  station  did  not  allow  the 
observation  of  stars  on  both  sides  of  the  zenith,  as 
the  mountain  rose  very  perpendicularly  to  the  north 
of  the  convent.  Such  stars  might  indeed  have  been 
observed  with  an  instrument,  like  the  sector,  calcu- 
lated for  making  observations  near  the  zenith.  The 
repeating  circle  has  not  that  advantage;  for  its 
perpendicularity  to  the  horizon  not  being  very  ac- 
curately ascertained,  and  the  error  arising  from 
that  source  being  greatest  near  the  zenith,  the  in- 
strument is  ill  adapted  to  the  observations  which, 
in  such  a  case  as  the  present,  would  have  been  the 
most  eligible.     The  altitudes,  therefore,  observed, 
were  of  stars  considerably  distant  from  the  zenith, 
and  all  of  them  to  the  south.     Indeed,  though  Ba- 
ron de  Zach  appears  to  be  well  pleased  with  the 
advantages  which  both  the  locality  already  describ- 
ed, and  the  instruments  that  have  been  enumerat- 
ed carried  with  them,  we  do  not  think  that  in  ei* 
ther  they  were  remarkable ;  and  if  the  result,  after 
all,  has  turned  out  favourable,  it  is  more  to  be  at- 
tributed to  the  skill,  diUgence,  and  accuracy  of  the 
observer,  than  to  the  particular  advantages  which 
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he  enjoyed.    In  one  thing,  indeed,  we  cannot  but 
admire  the  power  which  an  astronomer  derives 
from  the  fine  climate  of  Marseilles,  compared  with 
that  of  our  island.     Dr  Maskelyne,  in  a  residence 
on  the  side  of  Schehalien  of  four  months,  could 
hardly  find  the  means  of  placing  his  sector  in  the 
meridian ;  and,  with  all  that  patience  or  industry 
could  perform,  could  only  make  397  observations* 
The  Baron  de  Zach^  in  IS  days,  on  the  shores  <tf 
the  Mediterranean,  was  able  to  make  874  observa^ 
tions.     That  Greenwich  should  afford,  neverthe- 
less, a  greater  number  of  observations  to  be  com- 
pletely depended  on,  than  any  other^^observatory  in 
Europe,  is  a  strong  instance  how,  on  some  occasions^ 
the  moral  causes  can  control  the  physical. 

Tlie  data  necessary  in  this  way  to  detennine  the 
attraction  of  Mimet,  required  observations  to  be 
made  for  finding  the  difference  of  latitude  between 
the  two  extreme  points  already  mentioned;  and 
this  must  be  done,  as  has  been  said,  not  only  by 
celestial  observation,  but  by  terrestrial  measure- 
ment.    For  these  purposes,  a  great  number  of  ob- 
servations were  made,  which  the  Baron  has  given, 
not  only  in  their  original  state,  but  also  as  reduced 
and  prepared  for  the  final  calculation,  with  a  de- 
gree of  order  and  correctness  altogether  exempla- 
ry.    We  have  never  seen  any  work  of  the  same 
kind,  where  there  is  more  method  and  order  in  the 
arrangement,   more   accuracy   in  the  detail,  and 
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more  fairness  in  striking  the  mean,  where  there  is 
any  difference  among  the  observations.  It  is  a 
book,  for  these  reasons,  which  no  one,  engaged  in 
similar  pursuits  can  study  with  too  much  care. 

In  his  discussion  concerning  the  merit  of  the  in- 
struments employed  in  his  observations,  a  fact  oc- 
curs concerning  the  repeating  circle,  which  is  cer- 
tainly of  importance  ;  and,  to  us  who  are  but  little 
acquainted  with  the  nature  of  that  instniment, 
seems  difficult  to  be  explained.  It  appears,  that 
these  circles  are  subject  to  certain  variations  or  ano- 
malies, which  may  extend  to  three  or  four  seconds, 
from  causes  altogether  unknown.  Our  author 
tells  us,  that  he  had  formerly  remarked,  in  a  letter 
addressed  to  the  Editors  of  the  Biblioth^que  Bri- 
tannique,  that  one  cannot  answer,  within  three  or 
four  seconds,  for  latitudes  inferred  from  a  long  se- 
ries  of  observations  agreeing  well  with  one  another, 
and  made  with  the  same  repeating  circle  ;  for  ano- 
ther circle  will  offer  another  series  of  observations, 
agreeing  as  well  with  one  another,  but  differing 
constantly  from  the  first  series  by  3"  or  4".  This 
remark,  when  first  made  by  Baron  de  Zach,  ap- 
pears to  have  drawn  upon  him  a  good  deal  of  ani- 
madversion, though  the  fact  itself  was  not  disput- 
ed. 

"  They  have  made  it,**  says  the  Baron,  "  a  kind 
of  reproach,  that  I  had  not  pointed  out  the  precise 
source  of  these  variations.     My  answer  was  not 
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ready^  but  will  appeiur  in  due  time.  In  the  mean- 
while, I  have  the  aatiafaction  to  think,  that  I  have 
awakened  and  directed  the  attention  of  astronomers 
and  of  artists,  to  an  important  point  which  requires 
their  attention.'^ 

He  goes  on  to  remark,  that  this  defect,  from 
whatever  cause  it  may  ariseif  had  no  chance  of  a£- 
feoting  the  determination  of  the  attraction  of  the 
mountain  which  was  the  present  obyect  of  research. 
It  was  not  the  absolute  latitude,  either  of  N.  D. 
des  Anges,  or  of  Tlsle  de  Planier,  that  was  now  re- 
quired ;  but  it  was  the  differeoce  between  them, 
which  the  constant  error  above  described  could 
have  no  tendency  to  affect. 

The  preceding  remarks,  however,  cast  a  little 
uncertainty  on  the  determinatioos  made  by  these 
most  commodious  and  useful  instruments.  We 
have  certainly  no  right  to  offer  any  opinion  about 
an  anomaly,  which  those  who  are  best  acquainted 
with  the  subject  seem  hitherto  at  a  loss  to  explain. 
It  has  always  appeared  to  us,  that  the  smallness  of 
the  telescopes  with  which  instruments  held  in  the 
hand  must  be  provided,  is  a  considerable  defect, 
and  may  perhaps  have  given  rise  to  the  inconsis* 
tency  just  mentioned. 

The  second  article  in  this  Treatise,  relates  to  the 
difference  of  longitude  between  the  two  stations, 
and  contains  several  remarks  of  great  value  to  those 
engaged  in  similar  pursuits.      Having  regulated 
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his  time-keepers  at  N.  D.  des  Anges,  by  a  series  of 
observations  of  equal  altitudes  of  the  sun,  the  Ba- 
ron proposed  to  determine  the  difference  of  time  at 
that  point  and  I'Isle  de  Planier,  by  signals  made  at 
the  one  station,  and  observed  at  the  other.  He 
enumerates,  however,  before  describing  these,  the 
various  ways  in  which  the  problem  of  ascertaining 
the  difference  of  longitude  of  places  hud  been  at* 
tempted  to  be  resolved.  One  is,  as  is  well  known, 
the  occultation  of  stars  by  the  moon,  which,  of  all 
the  methods  purely  astronomical,  is  certainly  to  be 
considered  as  the  best.  Yet  if  the  star  is  small, 
and  if  it  disappears  behind  the  enlightened  part  of 
the  lunar  disk,  it  is  often  lost  sight  of  from  the 
comparative  weakness  of  its  light,  before  it  actually 
touch  the  limb  of  the  moon ;  and  so  also,  at  the 
emersion,  it  has  perhaps  got  to  some  distance  from 
the  moon,  before  it  can  be  distinguished.  It  is  also 
remarked,  that,  in  occultations,  it  sometimes  hap- 
pens that  the  star,  after  having  touched  the  lumi- 
nous disk  of  the  moon,  still  appears  for  some  se- 
conds upon  the  disk.  At  first  it  seems  to  advance, 
and  afterwards  disappears  altogether.  This  is 
known  to  have  been  experienced  by  several  of  the 
most  eminent  observers ;  by  Cassini,  Delahir^, 
Feuill^e,  &c. 

Another  cause,  he  adds,  which  may  render  such 
observations  defective,  is  the  moon's  parallax;  in 
consequence  of  which,  the  immersions  and  emer- 
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nons  of  stars  are  made  at  different  points  of  the 
limb  for  obsenrers  placed  in  different  situations* 
Now,  it  is  certain  that  the  surface  of  the  moon  is 
unequal,  and  that  there  are  mountains  on  it  which, 
according  to  the  observations  of  Messrs  Herschell 
and  Schroter,  are  not  less  than  4000  toises  in 
height.  With  good  telescopes,  one  may  see  the  lit- 
tle asperities  Which  their  summits  form  on  the  limb 
of  the  moon. 

«<  It  was  thus  that,  in  observing  an  occultation  of 
X  Fiscium  on  the  8th  of  September  1786,  the  star 
appeared  to  sink  in  the  interval  between  two  of 
these  summits  on  the  moon's  limb,  and  disappear- 
ed in  the  hollow  or  valley  between  them.  An  ob- 
server, in  another  place  of  the  earth,  might  have 
seen  it  hid  behind  one  of  these  summits ;  and  the 
two  occultations  supposed  to  have  been  made  by 
the  same  part  of  the  moon  might  have  differed  by 
several  seconds*  A  singular  observation,  made  by 
M.  Koch,  an  astronomer  of  Dantzig,  on  the  7th 
of  March  1794,  on  occasion  of  an  occultation  of 
Aldebaran,  shows  the  effect  which  the  mountains 
in  the  moon  may  produce  in  such  cases.  The  star 
which  just  grazed  as  it  were  along  the  limb  of  the 
moon,  was  three  times  eclipsed  by  the  mountains, 
before  it  totally  disappeared  behind  the  real  disk. 
The  immersion  was  near  the  superior  horn ;  the 
star  first  disappeared,  and  in  10^'  appeared  again  in 
all  its  brightness ;  after  some  seconds,  it  disappear- 
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edy  and  re-appeared  a  second  time.  It  was  soon 
lifter  concealed  for  the  third  time  by  a  mountain, 
but  appeared  once  more  before  the  real^  immersion 
behind  the  true  disk  of  the  moon." 

However  excellent,  therefore,  the  method  of  oc- 
cultations  may  be  for  great  distances,  it  is  insufficient 
for  a£Pording  the  necessary  accuracy  when  the  dis- 
tances are  small.  An  error  of  V  or  2^',  which,  on 
an  arch  of  the  meridian  of  several  degrees,  might  be 
counted  as  nothing,  would  become  very  consider- 
able for  a  difference  of  longitude  which  was  only  a 
few  seconds.  In  such  cases,  the  celestial  signals 
must  be  abandoned,  and  we  must  have  recourse  to 
such  as  we  can  make  ourselves  on  the  surface  of 
the  earth.  The  first  person  who  attempted  this  was 
Picard,  in  determining  the  difference  of  meridians 
between  the  observatory  at  Copenhagen,  and  the 
ruined  observatory  of  Tycho  Brahe  in  the  island  of 
Huena.  He  kindled  a  fire  on  the  tower  at  Copen* 
hagen ;  but  he  does  not  tell  by  what  means  he 
made  it  disappear  suddenly.  Other  methods  have 
been  since  followed.  A  trial  of  the  method  of 
finding  the  difference  of  time,  by  means  of  signals, 
was  made  near  London  in  177^»  with  great  success. 
The  signals  were  made  by  the  explosion  of  rockets 
in  the  air,  which  were  thrown  up  from  Loampit- 
hill,  near  London,  where  Mr  Aubert,  a  well- 
known  lover  of  astronomy,  had  his  observatory. 
Dr  Maskelyne  observed  the  explosion  from  the 
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Royal  Obfiervatoiy ;  Mr  Wollaston  from  Chide- 
hurat  in  Kent ;  Mr  Heberden  from  Pali-Mall  in 
London ;  and  Mr  EUicot  from  Horseley  Lane. 
The  longitudes  of  these  five  places  were  thus  de- 
termined with  the  greatest  precision ;  the  differ- 
ences at  any  one  place  not  exceeding  a  fraction  of 
a  second.  The  greatest  distance,  however,  between 
these  places,  was  not  more  than  6  English  miles, 
or  S  French  leagues.  In  the  case  of  greater  dis- 
tances, the  same  method  probably  could  not  be 
practised  with  equal  success. 

**  It  seems  singular,*'  the  Baron  observes,  **  that 
for  making  such  signals  they  have  not  long  since 
had  recourse  to  the  most  natural  and  simple  ex- 
pedient, and  the  most  easy  of  execution  withal,  that 
of  kindling  a  small  quantity  of  gunpowder  in  the 
open  air.  This  signal  is  the  most  visible  and  the 
most  instantaneous  that  can  be  conceived.  It  is 
seen  at  all  seasons,  and  across  rain  and  fog,  even  by 
the  naked  eye.  The  sudden  flash  of  the  gunpowder 
strikes  the  eye,  though  it  be  not  directed  precisely 
to  the  point  from  which  the  light  comes,  and  even 
when  the  place  from  which  the  signal  is  made  is 
under  the  horizon  of  the  observer.  It  is  not  only 
during  the  night  that  these  signals  may  be  made^ 
but  they  may  be  seen  in  broad  day,  with  telescopes 
directed  to  the  place  where  the  signal  is  made,  as  I 
have  often  experienced  ;  and  have,  by  that  means, 
been  relieved  from  the  necessity  of  passing  the 

10 
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night  in  bivouac,  in  the  open  air,  as  t  must  other- 
wise have  done.  The  first  use  that  was  made  of 
this  method  was  in  the  year  1740,  by  Cassini  and 
Lacaille,  in  measuring  two  degrees  of  longitude 
near  Jet,  in  Languedoc,  and  Aix  in  Ph)vence. 
These  two  stations  are  distant  about  40  leagues. 
Towards  the  middle  of  that  distance  they  took  a 
station  on  the  sea  side,  near  the  mouth  of  one  of 
the  branches  of  the  Rhone.  There,  frotn  a  ter- 
race on  the  roof  of  a  church,  they  set  fire,  evening 
and  morning,  to  10  lib.  of  powder.  Tlie  flashes 
were  seen  distinctly  at  both  extremities  of  the  line ; 
and  the  difference  of  longitude  concluded  accord- 
ly.  Cassini  proposed  to  do  the  same  for  determin- 
ing the  difference  of  meridians  between  Paris  and 
Vienna ;  but  his  proposal  has  never  been  ei^ecuted. 
The  quantity  of  gunpowder  which  these  academi- 
cians used,  was  much  too  great ;  and,  beside  the 
useless  expence,  the  signals  so  made  were  more  un- 
certain and  less  instantaneous.  Even  with  a  single 
pound  of  powder,  I  have  observed  that  the  flame 
lasted  for  2"  or  3'' ;  and  on  that  account  I  have 
never  used  above  6  or  8  ounces.  In  1803, 1  made 
these  signals  on  the  Brocken,  one  of  the  highest 
mountains  of  the  Hartz,  535  toises  above  the  level 
of  the  sea ;  and  the  signals  were  seen  at  the  distance 
of  more  than  50  French  leagues  all  round.  What 
is  most  extraordinary  is,  that  they  were  seen  at  the 
distance  of  nearly  55  Freiich  leagues  on  the  sidttll 
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hill  of  Keylenberg,  not  more  than  200  toises  in 
height ;  and  from  which  the  Brocken  itself  could 
not  be  seen,  on  account  of  the  curvature  of  the 
earth.  The  light  therefore  seen  at  Keylenberg 
was  nothing  but  the  repercussion  of  the  light  of 
the  signal  from  the  clouds,  of  which  it  is  known 
that  there  are  many  instances/' 

These  remarks  may  be  very  useful  to  those  who 
are  engaged  in  similar  operations,  and  particularly 
in  the  measurement  of  the  degrees  of  longitude,  or 
for  the  measurement  of  arches  perpendicular  to  the 
meridian. 

All  this  is  followed  by  a  table  of  the  observations 
made  by  help  of  these  signals,  for  determining  the 
difference  between  the  time  at  Ndtre  Dame  des 
Anges,  and  the  Imperial  Observatory  at  Marseilles. 
The  observations  were  made  between  the  11th  and 
21st  of  July,  and  amount  to  64.  The  greatest  dif- 
ference among  them  hardly  exceeds  V^ ;  and  the 
mean  of  the  whole  is  29^^95  of  time,  or  7'29"l''' 
in  degrees. 

The  use  of  the  observation  of  azimuths  for  the 
same  purposes,  is  considered  at  gi'eat  length.  The 
system  of  triangles  was  oriented,  that  is,  its  position 
in  respect  of  the  meridian  ascertained  by  azimuths, 
determined  chiefly  from  the  sun's  passage  over  the 
meridian,  or,  such  as  are  here  called,  circum- 
meridian  azimuths.  The  Baron  afterwards  recom- 
mends the  method  of  ascertaining  the  azimuths  by 
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the  polar  star,  after  the  mann^  first  employed  by 
General  Roy,  and  since  followed  by  those  who 
have  succeeded  him  in  the  conduct  of  the  trigono- 
metrical survey  of  England.     He  says,  that  the  ex- 
cellent repeating  theodolites  constructed  by  Reich- 
enbach,  are  well  adapted  to  these  observations ; 
and  he  gives  two  examples  from  azimuths  observed 
at  Munich,  where  the  angle  was  repeated  a  prodi^- 
gious  number  of  times  with  very  small  variations. 
It  would  seem,  therefore,  that  this  theodolite  carries 
a  telescope  with  a  very  accurate  vertical  motion, 
though  less  accurate  than  that  of  Ramsden's  great 
theodolite.     If  this  advantage  is  conjoined  with  the 
power  of  repetition,  it  must  no  doubt  render  the 
theodolite  the  most  perfect  instrument  that  has  yet 
been  employed  in  such  operations  as  we  are  now 
treating  of. 

The*  measurement  of  the  base,  which  was  to  serve 
as  the  foundation  of  the  trigonometrical  survey, 
comes  next ;  and  occupies  a  considerable  part  of  the 
first  volume.  In  all  the  parts  of  this  very  essential 
work,  the  greatest  care  seems  to  have  been  taken, 
and  no  precaution  omitted,  that  the  skill  and  cxp 
perience  of  this  very  ingenious  astronomer  could 
add  to  the  methods. invented  and  executed  by  those 
who  had  gone  before  him. 

In  the  end  of  the  volume,  it  appears  that  the  di£> 
ference  of  meridians  between  N.  D.  des  Anges 
and    JPlwier,   determined  astronomically,  is   15^ 


490  REVIEW  OF  ZACH, 

35^^.79  i  tnd  that  the  satiie,  determined  geodetical- 
ly,  is  15'  4f&\  There  is  a  difference  here  of 
l(/^67,  which,  however,  does  not  at  all  aflfect  the 
difference  of  latitude. 

The  result  of  the  whole,  after  every  possible 
check  was  introduced,  is,  that  the  astronomical  ob-> 
servations  at  N.  D.  des  Anges  made  the  latitude 
of  that  station  less  by  ^^  and  a  small  fraction,  thaa 
when  the  same  was  ascertained  by  the  intervention 
of  terrestrial  measurement  from  the  latitude  ob- 
served at  Pianier.     The  same  difference  of  9f'  was 
deduced  from  the  latitudes  of  three  other  stations, 
all  so  distant  as  to  be  out  of  the  reach  of  the  attrac- 
tion of  the  ridge  of  Mimet.     No  doubt  could 
therefore  remain,  that  these  two  seconds  arose  from 
the  zenith  of  N.  D.  des  Anges  being  carried  that 
far  south  by  the  attraction  of  the  mountain.     It  is 
thus  very  satisfactory  to  know,  that,  even  with  small 
instruments,  so  important  a  point  can  be  settled  as 
the  determination  of  the  attraction  of  a  mountain-— 
the  most  beautiful  and  most  palpable  verification  of 
the  law  of  gravitation  which  science  has  yet  afford- 
ed.    The  further  researches,  that  lead  to  a  com- 
parison between  the  density  of  such  a  mountain 
and  the  density  of  the  earth  itself,  require  a  num- 
ber of  additional  data,  which  cannot  be  ascertained 
with  tolerable  accuracy,  but  in  the  case  of  moun- 
tains of  considerable  magnitude,  and  as  much  as 
possible  insulated.     This,  accordingly,  the  Baron 
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de  Zach  did  not  attempt ;  and  the  only  investiga- 
tion of  the  kind  yet  existing,  is  that  which  was 
founded  on  the  experiments  made  at  Schehalien. 

Great  as  the  skill  and  accuracy  were  with  which 
those  experiments  were  conducted,  the  attraction 
of  mountains  is  a  subject  by  no  means  exhausted ; 
and  it  were  greatly  for  the  interest  of  science  that 
these  experiments  should  be  repeated  under  as 
great  a  variety  of  circumstances  as  can  easily  be 
attained.  The  northern  part  of  the  island  of  Great 
Britain  is  well  accommodated  to  such  observations^ 
and  the  continuation  of  the  trigonometrical  survey 
which  is  now  extended  to  that  country,  afibrds  the 
best  opportunity  for  carrying  such  experiments  in- 
to execution.  They  would  indeed  make  but  a 
small  deviation  from  the  general  plan  of  the  sur-^ 
vey.  Were  the  method  to  be  followed  that  was 
pursued  in  the  survey  which  is  the  subject  of  those 
remarks,  any  mountain,  or  chain  of  mountains, 
having  a  plain  of  considerable  extent,  either  to  the 
south  or  to  the  north,  might  very  well  be  used  for 
determ  ining  the  attraction.  The  observations  made 
in  that  way,  though  they  do  not  double  the  effect, 
as  was  done  in  the  case  of  Schehdien,  are  so  much 
easier  to  be  made,  and  may  of  course  be  executed 
in  so  many  more  instances,  that  on  the  whole  they 
may  be  reckoned  prefei*able.  The  survey  of  the 
mountainous  tract,  and  the  gauging,  as  we  may- 
call  it,  of  the  mountains,  would  require  to  be  con-^ 
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tmued  so  far  as  to  reach  the  limits  beyond  which 
no  inequality  of  ground  can  be  supposed  to  act  sen- 
sibly on  the  plumb-line.     The  Grampian  moun^ 
tains  would  aftbrd  many  situations  well  accommo- 
dated  to  observations  of  this  sort*     The  opposite 
sides  of  a  valley  also,  as,  for  instance,  of  Loch  Tay, 
or  Loch  Ness,  might  be  used  in  the  same  way. 
The  two  zeniths  would  there  be  made  to  approach 
one  another ;  and  the  arch  between  them,  found 
by  celestial  observation,  would  be  less  than  the 
same  concluded  by  trigonometrical  measurement, 
by  the  sum  of  the  attractions  of  the  mountains  on 
the  south  and  north,  minus  that  of  the  intervening 
water,  which,  as  a  lighter  substance,  would  have  less 
action  on  the  plummet  than  an  equal  volume  of 
earth  or  rock.     What  related  to  the  nature  of  the 
rocks,  would  be  readily  ascertained  by  the  skilful 
mineralogist  who   is  now  so  properly  connected 
with  the  execution  of  the  trigonometrical  survey. 
It  is  a  great  additional  argument  in  favour  of  what 
is  here  proposed,  that  a  long  series  of  similar  ope^- 
rations  has  prepared  observers  admirably  calculated 
for  the  present  purpose.     Men  accustomed  to  live 
in  the  open  air,  and  encamped  on  the  sides  or  the 
summits  of  mountains,  to  watch  the  motions  of  the 
stars  for  months  together,  and  to  endure  all  the 
sujQPering  and  disappointment  which  the  vicissitudes 
of  the  weather  inflict  on  none  so  severely  as  on  the 
astronomer.     Men  trained  in  this  manner  are  not 
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often  to  be  met  with :  so  much  experience  and  skill 
in  the  nicest  observations  of  science,  can  but  sel- 
#dom  be  combined  with  the  hardiness  of  rural,  we 
^   might  almost  say,  of  savage  life.     It  were  therefore 
to  let  slip  a  most  favourable  occasion  for  promoting 
the  interests  of  science,  not  to  take  this  opportuni- 
ty of  inquiring  farther  into  the  attraction  of  moun- 
tains.     The  instruments  are  already  on  the  spot, 
as  well  as  the  hardy,  experienced,  and  skilful  ob* 
server  who  is  to  use  them  ;  so  that  the  same  thing 
can  never  be  undertaken  at  so  little  expence  to  the 
public,  and  in  a  manner  so  truly  economical,  and 
so  highly  advantageous  to  science. 

As  an  additional  reason  for  including  the  inquiry 
into  the  attraction  of  mountains,  in  the  plan  of  the 
trigonometrical  survey,  we  must  be  permitted  far- 
ther to  state,  that  there  are  several  circumstances 
in  the  experiments  at  Schehalien,  which  should 
render  the  repetition  of  them  extremely  desir- 
able. 

Though  nothing  could  easily  be  added  to  the 
accuracy  of  the  astronomical  part,  of  which  we 
have  just  now  seen  the  strongest  and  most  impai*- 
tial  evidence,  yet  equal  praise  cannot  be  bestowed 
on  the  trigonometrical  survey,  by  which  the  mag- 
nitude and  figure  of  the  mountain  were  determin- 
ed. The  theodolite  employed  was  but  an  imper- 
fect instrument ;  it  gave  the  angles  to  minutes 
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only :  it  was  furnished  with  telescopes  of  a  very 
moderate  magnifying  power ;  and,  though  the 
work  of  Ramsden,  was  in  all  respects  inferior  to 
the  instruments  now  employed  for  the  like  purposes. 
Mr  Burrowes,  into  whose  hands  this  part  of  the 
work  was  committed,  was  new  in  the  employment ; 
and,  though  skilled  in  mathematics  and  astronomy, 
had  no  experience  in  the  sort  of  work  he  was  em- 
ployed now  to  conduct.  As  to  all,  therefore,  that 
relates  to  the  density  of  the  earth,  and  the  conclu- 
sions grounded  on  the  figure  and  magnitude  of  the 
mountain,  it  must  not  be  supposed  that  the  same 
precision  is  to  be  found  as  in  the  determinations 
purely  astronomical. 

We  are  enabled  to  state  this  with  the  more  con- 
fidence, that  circumstances  have  led  us  to  study 
the  detail  of  this  survey  with  a  more  minute  atten- 
tion, than  has  probably  ever  been  done  by  any  one 
except  Dr  Hutton,  who  has  so  ably  conducted  the 
computations  grounded  on  it.  In  this  examina- 
tion we  have  remarked,  that  when  the  solid  con- 
tent of  the  mountain  is  reduced  into  columns  of 
equal  attraction,  according  to  Dr  Huttx)n's  method, 
owing  to  some  imperfection  in  the  survey,  the 
lengths  of  those  columns  cannot  always  be  accurate- 
ly ascertained  ;  and,  particularly  when  they  come 
nearly  to  the  level  of  the  observations,  that  it  is 
often  uncertain  whether  they  rise  above  that  level. 
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or  fall  short  of  it,  and,  of  consequence,  whether  a 
certain  quantity  is  to  be  applied  as  an  augmenta- 
tion or  a  diminution  of  the  whole  attraction. 

There  were  even  faults  in  the  plan,  no  less  than 
in  the  execution  of  the  experiments.  The  obser- 
vatories were  placed  too  high  on  the  sides  of  the 
mountain  ;  they  were  about  half  way  up ;  so  that 
between  a  sixth  and  a  seventh  of  the  total  effect  of 
the  attraction  was  lost.  The  sections  were  verti- 
cal, and  carried  at  random,  some  entirely,  but 
many  of  them  only  partially  across  the  mountain, 
instead  of  being  conducted  horizontally  round  it, 
and  connected  together  by  two  vertical  sections  at 
right  angles  to  one  another. 

In  the  distance  to  which  the  survey  extended, 
no  principle  seems  to  have  been  adopted  as  a  guide, 
except  a  very  insecure  one,  that  at  the  distance  of 
a  mile  and  a  half,  or  two  miles,  the  action  of  a 
mountain  of  ordinary  size  could  not  sensibly  affect 
the  direction  of  gravity.  The  knowledge  obtained 
from  the  experiments  at  Schehalien  afford  a  much 
better,  and  more  secure  principle  for  fixing  the 
limits  within  which  the  attraction  of  a  great  mass 
of  matter  may  be  supposed  to  produce  a  sensible 
effect. 

Add  to  this,  that  at  the  time  of  these  experi- 
ments no  attention,  or  next  to  none,  was  bestowed 
on  the  structure  of  the  mountain,  and  the  distri- 
bution of  the  materials  which  compose  it.     This 
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omission,  accordingly,  gave  no  inconsiderable  de- 
gree of  vagueness  to  the  conclusions  deduced  con- 
cerning the  density  of  the  earth. 

It  is  true,  that  two  gentlemen,  zealous  to  contri- 
bute to  the  accuracy  of  this  interesting  inquiry,  en- 
deavoured, not  long  ago,  by  a  mineral  survey  of 
Schehalien,  to  remedy  this  defect,  and  to  ascertain, 
with  some  degree  of  precision,  the  specific  gravity 
of  the  rocks  which  compose  that  mountain.  They 
succeeded,  perhaps,  as  far  as  the  nature  of  the 
thing  will  now  admit ;  but  certainly  much  less, 
than  if  a  mountain  of  simpler  structure  had  been 
the  subject  of  examination,  or  if  the  mineral  sur- 
vey had  been  undertaken  along  with  the  trigono- 
metrical, when  the  instruments  of  observation  were 
on  the  spot,  and  all  the  stations  distinctly  recog- 
nised. 

These  circumstances,  though  they  go  no  farther 
than  to  render  the  limits  within  which  the  accu- 
racy of  the  results  are  contained,  more  distant  than 
they  would  otherwise  have  been,  are  certainly  to 
be  held  as  good  grounds  for  wishing  to  have  the 
same  experiments  repeated,  with  an  attention  to  all 
the  improvements  that  have  been  made  since  the 
time  when  they  were  instituted.  The  opportuni- 
ty, then,  that  now  presents  itself,  we  hope,  will 
not  be  overlooked,  when  the  instruments,  as  has 
been  said,  are  prepared,  and  when  observers  are  at 
hand,  zealous  to  engage  In  the  work,  instructed  in 
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all  the  resources  of  their  art,  and  accustomed  to 
overcome  all  the  difficulties  of  their  situation. 
Such  an  enterprise  would  form  a  very  noble  con- 
clusion of  the  present  survey ;  and  would  distin- 
guish it  from  all  others  yet  made,  as  much  for  the 
variety  and  importance  of  the  objects  contained  in 
the  plan  of  it,  as  for  the  perfection  of  the  execution. 
It  is  already  infinitely  to  the  credit  of  the  country, 
and  those  entrusted  with  the  government  of  it, 
that,  during  the  long  and  expensive  wai'  in  which 
the  nation  has  been  involved,  this  great  work  of 
science  has  been  carried  on  as  in  the  midst  of  pro- 
found peace.  We  may  therefore  hope,  that  the 
termination  of  an  arduous  contest,  and  the  restora- 
tion of  tranquillity  to  the  world,  will  permit  this 
national  work  to  be  completed  with  an  extent  and 
accuracy  worthy  of  the  spirit  with  which  it  has  been 
begun  and  carried  on. 
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The  end  of  the  last  century,  and  the  beginning  of 
the  present,  have  been  distinguished  by  a  series  of 
Greographical  and  Astronomical  measurements, 
more  accurate  ahd  extensive  than  any  yet  recorded 
in  the  history  of  science.  A  proposal  made  by 
Cassini  in  178^9  for  connecting  the  Observatories 
of  Paris  and  Greenwich  by  a  series  of  triangles,  and 
for  ascertaining  the  relative  position  of  these  two 
great  centres  of  Astronomical  knowledge  by  actual 
measurement,  gave  a  beginning  to  the  new  opera- 
tions. The  junction  of  the  two  Observatories  was 
executed  with  great  skill  and  accuracy  by  the  geo- 
meters of  England  and  France :  the  new  resources 
displayed,  and  the  improvements  introduced,  will 
cause  this  survey  to  be  remembered  as  an  Era  in 
the  practical  application  of  Mathematical  science. 

'^  From  the  Edinburgh  Review,  Vol.  XXX.  (1818.)— Ed. 
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A  great  revolution  had  just  began  to  take  place 
in  the  construction  of  instruments  intended  for  the 
measurement  of  angles,  whether  in  the  heavens  or 
on  the  surface  of  the  earth ;  and  was  much  acce- 
lerated by  the  experience  acquired  in  this  survey. 
One  part  of  this  improvement  consisted  in  the  sub- 
stitution of  the  entire  circle  for  the  quadrant,  the 
semicircle,  or  other  portions  of  the  same  curve,  as 
the  unity  and  simplicity  of  the  entire  circle,  dis- 
tinguish it  above  all  figures,  and  give  it  no  less  ad- 
vantage in  Mechanics  than  in  Geometry.    Circu- 
lar instruments  admit  of  being  better  supported, 
more  accurately  balanced,  and  are  less  endangered 
from  unequal  strain  or  pressure,  than  any  othen 
The  dilatation  and  contraction  finom  heat  and  cold, 
act  uniformly  over  the  whole,  and  do  not  change 
the  ratio  of  the  divisions  on  the  circumference. 

A  geometrical  property  of  the  same  curve  con- 
tributes also  much  to  the  perfection  of  those  in- 
struments, in  which  the  whole  circumference  is  em- 
ployed )  and  though  it  be  quite  elementary,  and 
has  been  long  known  to  geometers,  it  was  first 
turned  to  account  by  artists  about  the  time  of 
which  we  now  speak.  The  proposition  is,  that  two 
lines  intersecting  one  another  in  any  point  within 
a  circle,  cut  off  opposite  arches  of  the  circumference, 
the  sum  of  which  is  the  same  as  if  they  intersected 
one  another  in  the  centre.  Hence  it  follows,  that, 
in  a  circular  instrument,  whether  the  centre  about 
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which  the  index  tunis  be  the  true  centre  or  not, 
the  mean  of  the  two  opposite  arcs  is  the  exact  mea- 
sure of  the  angle  to  be  found.  This  gives  a  cooi- 
plete  correction  for  one  of  the  great  sources  of  in- 
accuracy in  the  construction  of  mathematical  in- 
struments, sincci  by  opposite  readings  o£P|  the 
error  in  the  centering  is  always  corrected.  Rams- 
den,  to  whom  the  art  of  constructing  mathematical 
instruments  owes  so  much,  was  the  first  among 
modem  artists  who  made  an  aatronomical  circle  of 
considerable  size.  A  theodolite,  also,  which  he 
made  for  General  Roy,  who  conducted  the  survey 
just  referred  to,  was,  of  its  kind,  the  most  perfect 
instrument  yet  constructed,  and  was  furnished  with 
the  best  telescope  that  had  been  employed  in  geo- 
detical  observations. 

In  France,  also,  the  entire  circle  was  introduced, 
and  with  a  great  additional  improvement,  that  of 
repeating  or  multiplying  the  angle  to  be  measured 
any  required  number  of  times.  The  consequence 
of  this  is,  that  the  mean  taken  by  dividing  the 
multiple  angle  at  last  obtained  by  the  number  of 
the  repetitions,  gives  the  angle  with  m  exactness 
which  would  have  required  a  great  number  of  ob- 
servations, and  a  great  length  of  time,  if  other  in- 
struments had  been  used. 

The  first  idea  of  this  excellent  contrivance  oc- 
curred to  Tobias  Mayer  of  Gottingen,  whose  name 
is  so  well  known  in  the  history  of  Astronomy*  Tlie 
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circle,  Legendre,  with  the  ready  inven^ii  that 
easily  accommodates  itself  to  new  circumstances, 
grounded  an  admirable  rule  for  i^ucing  the  solu* 
tion  of  small  spherical  triangles  under  the  power 
of  plane  trigonometry*  The  accuracy  now  expect- 
ed was  such,  that  an  error  of  as  many  seconds  in 
the  measure  of  an  angle  as  was  formerly  allowed  of 
minutes^  was  no  longer  to  be  tolerated* 

Ta  Great  Britain,  the  opa:ations  now  entered 
on  were  attended  with  a  further  advantage,  Go- 
▼emment  having  been  induced  to  continue  a  work 
so  auspiciously  begun,  by  extending  a  trigonome- 
trical survey  over  the  whole  island,  so  as  to  ascear- 
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tain  its  topography  with  more  precision  than  had 
yet  been  done  with  respect  to  any  tract  of  equal  ex- 
tent on  the  surface  of  the  Earth.  The  survey  has  ac- 
cordingly been  continued  to  the  present  time,  and 
is  now  carrying  on  in  Scotland  under  the  able  di- 
rection of  Colonel  Mudge,  and  by  the  meritorious 
exertions  of  Captain  Colby,  an  indefatigable  and 
accurate  observer,  instructed  by  much  experience, 
and  supported  by  a  zeal  and  firmness  of  which  there 
are  but  few  examples. 

It  was  not  long  after  the  commencement  of  this 
sm-vey,  that  a  system  of  trigonometrical  and  astro- 
nomical operations  of  still  greater  extent  was  Un- 
dertaken by  the  French  government. 

The  want  of  system  in  the  weights  and  mea- 
sures of  every  country  ;  the  perplexity  which  that 
occasions  ;  the  ambiguous  language  it  forces  us  to 
speak  ;  the  useless  labour  to  which  it  subjects  us, 
and  the  endless  frauds  which  it  conceals,  have  been 
long  the  disgrace  of  civilized  nations.  Add  to 
this,  the  perishable  character  thus  impressed  on  all 
our  knowledge  concerning  the  magnitude  and 
weight  of  bodies,  and  the  impossibility,  by  a  de- 
scription in  words,  of  giving  to  posterity  any  pre- 
cise information  on  these  subjects,  without  refer- 
ence to  some  natural  object  that  continues  always 
of  the  same  dimensions.  The  provision  which  the 
art  of  printing  has  so  happily  made  for  conveying 
the  knowledge  of  one  age  entire  and  perfect  to 
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wiy  pernicious  exception,  for  wUdi  diere  is  no  le- 

Mody  but  rack  reference  as  has  juife  keen  mantion- 

.OiL    Fhilosophen  had  often  complained  of  ilieae 

.'4mln,  and  had  pointed  out  the  cure :  bnt  there 

-iHeie  old  habits  and  inveterate  prcgndicea  to  be 

overcome ;  and  the  phantom  of  innovatiah,  evien 

in  ifis  most  innocent  shiqpe,  wu  sufficient  to  aknn 

goveramrats  conscions  that  so  many  of  their  imti- 

tntions  had  nothing  but  their  antiquity  to  leoom- 

tMud  them.  At  the  commencement  of  the  IViench 

Revolution  the  National  Assembly  was  avoivedly 

anperior  to  tiie  last  of  these  terrors,  and  the  phife- 

sophers  of/Fnmce  considered  it  as  a  favouiaUe  op- 

.fpMunity  for  fixing,  with  the  support  of  Govern- 

inent,  a  new  system  of  measures  and  we^ht^  on 

tbe  best  and  most  permanent  foundation. 

Of  the  quantities  which  nature  preserves  always 
of  the  same  magnitude,  there  are  but  few  accessible 
to  man,  and  capable  at  the  same  time  of  being  ac- 
enrately  measured.  The  choice  is  limited  to  a 
portion  of  the  earth's  circumference,  or  to  the 
length  of  the  pendulum  that  vibrates  a  given  num- 
ber of  times  in  the  course  of  a  solar  or  sidereal 
day,  or  any  portion  of  time  accurately  defined  by 
some  of  the  permanent  phenomena  of  nature.  The 
choice  of  the  French  mathematicians  fell  on  the 
first  of  these,  and  was  accompanied  with  this  great 

benefit  to  science,  that  it  enforced  a  very  diligent 

11 
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and  scrapulous  examination  into  the  magnitude 
and  figure  of  the  earth.     The  quadrant  of  the  ter- 
restrial meridian  was  the  unit  of  linear  extension 
which  they  proposed  to  assume,  and  the  ten-mil- 
lionth part  of  it  was  the  standard  to  which  all  li- 
near measures  were  to  be  referred.     The  series  of 
difficult  and  nice  observations  undertaken  with  a 
view  to  this  improvement,  carried  on  in  the  midst 
of  much  intestine  disorder  with  signal  firmness  and 
perseverance,  and  finished,  in  spite  of  every  obsta- 
cle, with  all  the  accuracy  that  the  new  instruments 
and  new  methods  could  afibrd,  has  raised  to  the 
men  of  science  *  engaged  in  it,  a  monument  that 
can  never  be  effaced.     The  meridian  of  Paris  con- 
tinued to  Dunkirk,  on  the  one  hand,  and  Solieure 
on  the  other,  and  afterwards  extended  beyond  the 
latter  to  the  southernmost  of  the  Balearic   Isles, 
amounting  nearly  to  an  arc  of  12  degrees,  afforded 
means  more  than  sufficient  for  computing  the  qua- 
drant of  the  meridian,  and  thus  fixing  the  standard 
on  sure  and  invariable  principles. 

En  consequence  of  this,  the  figure,  as  well  as  the 
magnitude  of  the  earth,  came  to  be  better  known 
than  they  had  ever  been  before,  because  of  the  new 
data  afforded  for  entering  into  combination  with 
the  lengths  of  degrees  already  measured  in  differ- 
ent countries.     The  extent  of  the  arc  of  the  men- 

*  Delaiubve,  Mcdiain,  Biot^  Arago. 
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dkn,  thus  detarmiiied,  b  ditf  about  to  feceive^i- 
great  inefene*  by  the  addition  hem  the  BritiA 
aiirvey»  of  an  arc  extending  from  the  pandlei  tf 
Daiduik  to  that  of  the  most  nordieriy  of  t^e  Shet^ 
land  Isles ;  so  that  the  distance  between  this  iaM 
panllel  md  that  of  Formentera,  nearly  a  Jbintii 
part  of  the  qnadnnt  of  the  meri^Uan  will  btewnMn 
known  by  actual  measwrement 

But  whik  it  is  possible  to  interrogate  nature  fat 
two  di£Eerent  ways  concerning  the  same  tilings'  cti^ 
riosity  is  not  to  be  salasfied  without  baring  htilSk 
her  responses.  The  pendidum,  as  is  well  khowui^ 
sflEbrds  the  meuis  of  determining,  not  indeed  tbe 
magnitode»  but  the  figure  of  the  earth  ;•  ihat  is,  ib 
compression  at  the  polesb  or  the  oblateness  of  the 
spheroidal  figure  into  wfhieh  it  is  formed.  At  tht 
equator,  gravitation  is  weaker  than  at  the  poles  ; 
both  on  account  of  the  centrifugal  force  which  is 
greatest  at  the  former,  and  vanishes  altogether  at 
the  latter,  and  of  the  greater  distance  of  the  cir- 
cumference of  the  equator  from  the  centre  of  the 
mass.  If  the  earth  were  quite  homogeneous,  New- 
ton demonstrated,  that  the  same  fraction,  inz.  -^-^ 
would  denote  the  oblateness  of  the  earth,  and  the 
diminution  of  gravity  from  the  pole  to  the  equator. 
There  is,  however,  good  reason  to  believe,  that  the 
earth  is  very  far  from  being  homogeneous,  and  is 
much  denser  in  its  interior  than  at  its  surface. 
Clairaut,  therefore,  did  an  unspeakable  service  to 
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this  branch  of  science,  when  he  showed,  that  in 
eyery  case  the  two  fractions  just  mentioned,  though 
not  equal  to  one  another,  must  always,  when  ad- 
ded together,  constitute  the  same  sum,  that  is,  ^, 
or  —5.  Hence  the  ohlateness  appearing  from  the 
laeasurement  of  degrees  to  be  ^£^,  the  increase  of 
gravity  from  the  equator  to  the  poles,  or,  which  is 
the  same,  the  shortening  of  the  pendulum,  must  be 
f^.  We  must  have  recourse  to  experiment,  then, 
ta  discover,  whether  this  be  agreeable  to  the  fact, 
or  whether  evidences  thus  brought  together  from 
such  different  regions,  conspire  to  support  the  same 
conclusion.  Laplace,  accordingly,  from  an  exami* 
nation  of  37  of  the  best  observations  made  in  dif- 
ferent latitudes,  from  the  equator  as  far  as  the  pa- 
rallel of  67  degrees,  had  obtained  a  result  that 
agreed  very  well  with  the  conclusions  from  the 
measurement  of  degrees.  But  these  observations 
had  been  most  of  them  made  long  ago,  before  the 
present  extreme  precision  was  introduced,  and  even 
before  the  means  of  comparing  the  lengths  of  two 
rules^  or  two  reds  of  wood  or  of  metal,  was  com- 
pletely understood.  It  was  therefore  extremely 
desirable,  that  a  series  of  new  observations  of  the 
same  kind  should  be;  made  in  different  countries. 
The  National  Institute  had  begun  the  series  at 
Paris  ;  it  had  made  a  part  of  the  SystSme  M^trique, 
to.  determine  the  relation  between  the  seconds 
pendulum  and  the  metre  >  and  a  number  of  expe- 
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riments  for  that  purpose  were  made  by  Borda  aad 
Caninii  with  every  precaution  that  could  enaue 
exactness. 

After  quiet  was  restored  to  Europe,  England 
had  leisure  to  attend  to  other  ob}ecta  than  thoae  in 
which  the  ideas  of  defence  or  of  conquest  were  coiw 
cemed.  France  and  a  great  part  of  the  Continent 
had  adopted  the  scheme  of  uniform  measures ;  in 
England  a  plan  for  the  same  had  been  often  thougiht 
of;  it  had  been  more  than  once  undertaken,  bnt 
never  on  a  right  system ;  and  had  always  fortu* 
nately,  though  perhaps  weakly,  been  abmdoned. 
It  was  now  begun  apparently  under  better  auspi* 
ces ;  a  bill  for  the  purpose  was  brou^t  into  Pur- 
liament ;  and  our  readers  may  remember,  that  it 
was  thrown  out  in  the  House  of  Peers  by  the  oppo- 
sition of  a  noble  lord,  more  remarkable  for  the  in^ 
genuity  than  the  soundness  of  his  opinions.  It 
happened  here,  however,  as  appears  to  us,  that  his 
lordship  was  entirely  in  the  right ;  the  bill  was  a 
crude  and  imperfect  scheme,  prepared  without  due 
consideration  of  the  various  bearings  of  so  nice  a 
question,  and  consulting  partial  or  present  conve* 
niency  at  the  expence  of  permanent  and  general 
utility;  having  withal  no  dependence  on  any  of 
those  magnitudes  which  nature  herself  has  taken 
pains  to  secure  against  vicissitude  and  change. 

The  attention  of  the  men  of  science  about  Lon* 
don  was  now  naturally  turned  to  the  experiments 
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by  which  the  length  of  the  penduhim  may  be  ac- 
curately determined.  The  nature  of  the  appara- 
tus best  fitted  for  that  object  is  by  no  means  ob- 
vious. The  French  academicians,  just  referred  to, 
had  indeed  employed  a  very  simple  one,  which 
seems  capable  of  great  exactness.  It  consisted  of 
a  ball  of  platina  suspended  by  a  fine  wire,  and  vi- 
brating about  a  knife  edge,  which  served  as  its  axis. 
The  vibrations  counted  by  the  person  who  con- 
ducted the  experiment,  were  compared  with  those 
of  a  clock,  placed  close  by,  and  regulated  accord- 
ing to  mean  solar  time.  After  a  sufficient  num- 
ber of  such  comparisons,  the  length  of  the  pendu- 
lum from  the  knife  edge  to  the  centre  of  oscillation 
of  the  ball,  was  partly  measured  and  partly  calcu- 
lated ;  and  thus  the  quantity  required  was  deter- 
mined. 

Though  this  method  is  susceptible  of  great  ac- 
curacy, and,  in  the  hands  of  such  men  as  Borda 
and  Cassini,  could  not  fail  to  lead  to  a  satisfactory 
conclusion,  yet  it  is  right  to  have  so  important  an 
element  in  our  researches  as  the  length  of  the  pen- 
dulum, or  the  intensity  of  gravitation,  ascertained 
by  experiments  made  with  different  instruments ; 
made  according  to  different  methods,  and  particu- 
larly not  so  dependent  on  the  mathematical  theory 
of  the  centre  of  oscillation  as  ta  be  without  the 
possibility  of  verification  by  experiment.  It  must 
not  be  supposed,  that  in  laying  down  this  last 
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condition,  we  mean  any  thing  so  absurd  as  to  ques* 
tion  the  force  of  mathematical  demonstration.     A  • 
conclusion  purely  mathematical,  when  ^plied  to  t 

an  object  that  is  also  purely  mathematicali  one  that  f^ 

partakes  of  the  same  immaterial  and  impassible  na- 
ture with  itself,  is  above  receiving  additional  evi- 
dence from  any  source  whatever,  and  despises  alike 
all  attempts  to  increase  or  diminish  its  authority. 
But  the  same  is  not  exactly  the  case  when  the  con- 
clusion is  applied  to  a  mateiial  body  ;  it  then  par- 
takes of  the  imperfection  <^  the  subject ;  and 
thus,  in  a  sphere  even  of  gold  or  platina,  the  actual 
centre  of  oscillation  may  not  coincide  to  the  ten 
thousandth  part  of  an  inch,  with  the  point  which 
the  calculus  has  determined.  In  such  instances  the 
verification  by  experiment,  if  it  cannot  be  called  ne- 
cessary, is  at  least  highly  satisfactory. 

Among  the  mathematicians  who  endeavoured  to 
resolve  the  problem  on  a  principle  of  this  kind,  the 
author  of  the  paper  which  is  the  subject  of  this  ar- 
ticle, came  soon  to  be  particularly  distinguished. 
Captain  Kater,  to  the  profession  of  a  soldier,  seems 
early  to  have  united  the  pursuits  of  science,  and  to 
have  acquired  uncommon  skill  and  accuracy  both 
in  philosophical  experiment  and  astronomical  ob- 
servation. We  understand,  that,  in  India,  when 
a  very  young  man,  he  assisted  Colonel  Lambton  in 
the  trigonometrical  survey  of  Hindostau,  and  was 
extremely  useful  in  a  very  nice  and  important  part 
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of  the  work,  the  selection  of  the  stations  where  the 
observations  were  to  be  made,  and  of  the  summits 
to  be  intersected,  a  matter  which  requires  great 
judgment ;  one  which,  in  a  mountainous  country, 
and  under  a  vertical  sun,  must  be  full  of  diffi- 
culty and  danger,  and  from  which  we  have  been 
sorry  to  understand  that  his  health  had  materially 
suffered. 

Captain  Kater  having  returned  to  England,  and 
resumed  the  pursuits  of  science,  began  to  consider 
how  the  experiment  of  the  pendulum  might  best 
be  made  in  a  way  to  admit  of  verification  by  a  re- 
verse experiment ;  and  a  cylindric  rod  of  brass  or 
of  iron  readily  occurred  to  him  as  a  body  well 
adapted  to  that  purpose.  The  impossibility,  how- 
ever, of  finding  a  rod  or  bar  of  metal  so  homoge- 
neous that  its  centre  of  oscillation  could  be  deter- 
mined merely  from  its  dimensions,  made  him 
quickly  despair  of  succeeding  by  such  means.  It 
happily  occurred  to  him,  in  this  uncertainty,  that 
there  was  one  property  of  the  centre  of  oscillation 
by  which  its  place  might  be  made  manifest,  what- 
ever were  the  irregularity  in  the  figure,  or  the  den- 
sity of  the  vibrating  body. 

Huygens,  the  profound  and  original  author  of 
the  Theory  of  the  Pendulum,  had  demonstrated 
that  the  centres  of  suspension  and  oscillation  are 
convertible  with  one  another ;  or  that,  if  in  any 
pendulum  the  centre  of  oscillation  be  made  the 

VOL.  IV.  K  k 
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centre  of  suspension,  the  time  of  vibration  will  be 
in  both  cases  the  same.  Hence,  conversely,  said 
Captain  Kater,  if  the  same  pendulum  with  di£Pereiit 
points  of  suspension  can  be  made  to  vibrate  in  the 
same  time,  the  one  of  these  points  must  be  the 
centre  of  oscillation  when  the  other  is  the  centre 
of  suspension  :  and  thus  their  distance,  or  the  true 
length  of  the  pendulum  is  found.  It  is  curious  to 
remark,  that  a  proposition,  so  well  known,  and 
affording  so  direct  a  solution  of  the  difficulty  in 
which  experimenters  on  this  subject  had  always 
found  themselves  involved,  was  never  before,  at 
least  in  as  much  as  we  have  been  able  to  discover^ 
applied  to  a  purpose  for  which,  now  that  the  secret 
is  known,  it  seems  so  excellently  and  so  plainly 
adapted.  But  it  is  one  of  the  prerogatives  of  true 
genius,  to  find  the  highest  value  in  things  which 
ordinary  men  are  trampling  under  their  feet. 

To  reduce  the  principle  just  mentioned  into  a 
tangible  form,  some  further  contrivance  was  still 
necessary.  We  copy  the  author's  description  of 
his  convertible  pendulum. 

**  The  pendulum  is  formed  of  a  bar  of  plate 
brass,  one  inch  and  a  half  wide,  and  one-eighth  of 
an  inch  thick.  Through  this  bar  two  triangular 
holes  are  made,  at  the  distance  of  S9«4  inches  from 
each  other,  to  admit  the  knife  edges  that  are  to 
serve  for  the  axes  of  suspension  in  the  two  opposite 
positions  of  the  pendulum.     Four  strong  knees  of 


ON  THE  PENDULUM.  515 

hammered  brass,  of  the  same  width  with  the  bar, 
six  inches  long,  and  thi'ee  quarters  of  an  inch  thick, 
are  firmly  screwed  by  pairs  to  each  end  of  the  bar ; 
so  that  when  the  knife  edges  are  passed  through 
the  triangular  apertures,  their  backs  may  bear 
steadily  against  the  perfectly  plane  surface  of  the 
brass  knees,  which  are  formed  as  nearly  as  possible 
at  right  angles  to  the  bar.  The  bar  is  cut  of  such 
a  length  that  its  ends  fall  short  of  the  extremities 
of  the  knee-pieces  about  two  inches. 

^*  Two  slips  of  deal,  17  inches  long,  are  inserted 
at  either  end,  in  the  spaces  thus  left  between  the 
knee-pieces  unoccupied  by  the  bar,  and  are  firmly 
secured  by  screws.  These  slips  of  deal  are  only 
half  the  \vidth  of  the  bar  ;  they  are  stained  black, 
and  a  small  whalebone  point  inserted  at  each  end 
indicates  the  extent  of  the  arc  of  vibration. 

^*  A  cylindrical  weight  of  brass,  three  inches 
and  a  half  in  diameter,  and  weighing  about  two 
pounds  seven  ounces,  has  a  rectangular  opening  in 
the  direction  of  its  diameter,  to  admit  the  knee- 
pieces  of  one  end  of  the  pendulum.  This  weighty 
being  passed  on  the  pendulum,  is  so  firmly  screw- 
ed in  its  place  as  to  render  any  change  impossi- 
ble." 

lliis  weight,  it  must  be  observed,  b  not  be- 
tween the  knifi^  edges,  but  is  very  near  to  one  of 
them. 

**  A  seeond  weight,  of  about  seven  ounces  and  a 
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half,  is  made  to  slide  on  the  bar,  near  the  kmft 
edges,  at  the  opposite  end ;  and  it  may  be  fixed 
at  any  point  on  the  bar  by  two  screws,  with  which 
it  is  furnished.  A  third  weight,  or  slider,  of  only 
four  ounces,  is  moveable  along  the  bar,  and  is  ca- 
pable of  nice  adjustment,  by  means  of  a  screw  and 
a  clasp.  It  is  intended  to  move,  near  the  centre  of 
the  bar,  and  has  an  opening,  through  which  may 
be  seen  divisions  of  twentieths  of  an  inch  engraved 
on  the  bar." 

It  is  by  means  of  this  moveable  weight  that  the 
direction  of  the  vibrations  in  the  two  opposite  posi- 
tions of  the  pendulum  are  adjusted  to  one  ano- 
ther }  after  which  it  is  secured  immoveably  in  its 
place. 

The  knife  edges,  or  prisms,  which  make  so  im- 
portant a  part  of  this  apparatus,  and  are  to  serve 
alternately  as  the  axes  of  motion,  are  made  of  the 
steel  prepared  in  India,  and  known  by  the  name  of 
wooiz.     The  two  planes  which  form  the  edge  of 
each  prism  are  inclined  to  one  another  nearly  at  an 
angle  of  120  degrees.     Every  precaution  was  used 
to  render  the  edges  true,  or  straight,  and  to  give 
the  hardest  temper  to  the  steel ;  and  a  long  series 
of  experiments  proves  fully  that  they  have  been  suc- 
cessful. Every  precaution  was  also  taken  to  give  sta- 
bility to  the  axes  of  suspension,  when  the  experi- 
ments were  made :  But  for  the  details  of  these, 
we  find  it  necessary  to  refer  to  the  paper  itself. 
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We  come  now  to  the  very  ingenious  method 
which  Captain  Kater  adopted  for  determining  the 
number  of  vibrations  made  by  his  pendulum  in 
twenty-four  hours.  It  is  no  doubt  sufficiently  un- 
derstood, from  what  has  been  already  said,  that  the 
pendulum  was  not  to  be  applied  to  a  clock,  nor  to 
receive  its  motion  from  any  thing  but  its  own 
weight.  When  experiments  of  this  kind  were  at- 
tempted, it  was  for  a  long  time  supposed  that  the 
pendulum  might  safely  be  permitted  to  receive  the 
continuance  of  its  motion  from  machinery ;  and 
that,  as  it  was  then  in  no  danger  of  coming  to  rest, 
the  results  were  more  to  be  depended  on.  This 
conclusion,  however,  proceeded  on  a  great  mistake 
as  to  the  part  which  the  machinery  of  the  clock 
performs  on  such  occasions.  That  machinery  is 
hardly  ever,  we  believe,  so  nicely  adjusted  as  ac« 
curately  to  restore  to  the  pendulum  the  motion  it 
loses  in  each  vibration,  (from  friction  about  the 
centre,  and  from  the  resistance  of  the  air,)  without 
either  allowing  any  defect,  or  producing  any  ex- 
cess. A  clock,  in  general,  accelerates  the  natural 
motion  of  the  pendulum,  and  forces  it  to  vibrate 
f^ter  than  it  would  do  if  impelled  only  by  its  own 
gravity.  In  experiments,  therefore,  where  the  re- 
lation of  the  length  of  the  pendulum  to  the  time  of 
vibration  is  to  be  determined,  the  clock  can  only  be 
used  to  measure  out  a  given  portion  of  time,  or  L> 
assist  in  numbering  the  vibrations. 
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Urn  Hmmer  in  wbich  this  lut  eaa  be  Acme,  is 
aot  m  obfioiis  m  nisjr  be  im^giDecL  Hie:  mere 
oountiiig  of  the  vibtaciont  one  bf  ene^  end  nuuiE- 
ing  the  number  at  itited  mtenab  of  time^  would 
be  ft  tery  inconvenient  and  impeffect  way  of  going 
to  work*  As  the  experiment  moft  be  hmg  eooti- 
unadf  and  fteqnently  reBomed»  the  tedhm  and  iik- 
aemenem  of  counting  .the  librationa  would  become 
great»and,  Ifte  evtty  hdbour  that  it  tedious  aad  iik- 
•ome^  mnst  be  in  drager  of  being  inaocuxately  per- 
Armed,  mcve  espedally  by  maOmmtiekmt,  tibe 
.penons  into  whose  hsnds  the  opemtion  is  mast 
Jikely  to  ML  Even  if  no  error  were  committed, 
jtbere  would  still  be  an  insecurity  iriiich  nothing 
could  remove.  It  is,  indeed,  the  businem  of  every 
experimenter  to  throw  as  great  a  shaie  of  the  re-  I 
sponsibiiity  as  he  can  on  his  apparatus,  or  on  the 
physical  agents  he  employs :  and  as  little  as  possi- 
ble on  himself  and  his  living  assistants.  Di£ferent 
^  means  have  accordingly  been  used  for  avoiding  the 
above  inconveniences ;  and  of  those  that  we  are  ac- 
quainted with,  we  think  Giptain  Rater's  is  the 
best,  the  least  tedious,  and  the  most  infallible. 

Boscovich,  in  the  5th  volume  of  his  Opera  Opt. 
et  Astr.  gives  an  account  of  a  method  which  he 
had  employed,  and  which  he  ascribes  to  Mairan. 

A  clock  being  well  regulated,  according  to  mean 
time,  and  having  its  case  open,  the  experimental 
pendulum  was  placed  right  before  it  at  a  little  dis- 
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tance,  with  its  point  of  suspension  firmly  supported. 
The  position  of  both  was  such,  that,  in  their  state 
of  rest,  the  pendulums'  were  seen  by  a  person 
placed  in  front  of  them,  coinciding  with  one  ano- 
ther, and  with  a  vertical  line  drawn  on  the  clock- 
case  behind  the  pendulum.  That  this  coincidence 
might  be  more  distinctly  seen,  when  it  happened 
to  the  moving  bodies,  it  was  viewed  through  a  hole 
in  a  piece  of  paper  fixed  to  the  back  of  a  chair  on 
the  opposite  side  of  the  room.  The  two  pendu- 
lums having  been  put  in  motion,  and  not  vibrating 
exactly  in  the  same  time,  one  would  gain  upon 
the  other,  and  after  a  while  they  would  be  seen 
through  the  hole  in  the  paper  to  coincide  with  one 
another,  and  with  the  fixed  line  on  the  body  of  the 
dock.  The  instant  of  this  coincidence  must  be 
noted.  When  they  next  coincide,  the  difference 
of  the  times  of  their  vibrations  must  have  amount- 
ed to  one  entire  vibration.  This  is  also  to  be 
noted  ;  and  thus  the  information  of  the  clock  will 
give  the  ratio  of  the  time  of  its  own  vibrations  to 
the  time  of  those  of  the  pendulum.  This  experi- 
ment must  be  often  repeated,  and  a  mean  taken, 
that  if  there  are  any  accidental  errors,  there  may 
be  a  probability  of  their  balancing  one  another. 

The  method  of  numbering  the  vibrations  in  the 
experiments  of  Borda  and  Cassini,  was  similar,  in 
many  respects,  to  the  preceding,  and  may  have 
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been  suggested  by  the  same  to  which  Boscovich  re- 
fers, that  of  their  ingenious  countryman  Mairan. 

The  pendulum  was  placed,  as  in  the  former  ex- 
ample, right  before  the  clock  with  which  it  was  to  be 
compared,  so  that  the  wire  by  which  the  platina 
ball  was  suspended,  bisected  the  ball  of  the  dock 
pendulum  when  at  rest ;  the  middle  point  of  this 
last  being  marked  by  the  intersection  of  two  white 
lines  drawn  on  a  black  ground.  The  two  pendu- 
lums were  viewed  through  a  small  telescope,  fixed 
on  a  stand  on  the  oi^>osite  side  of  the  room,  and  a 
screen  was  also  placed  before  the  pendulums,  the 
edge  of  which  just  covered  the  wire  of  the  platina 
pendulum,  and  therefore  concealed  behind  it  one 
half  of  each  of  the  balls.  The  platina  pendulum 
was  nearly  12  feet  long ;  so  that  it  made  about  one 
vibration  while  the  pendulum  of  the  clock  made 
two. 

Suppose,  now,  that  when  the  pendulums  were 
put  in  motion,  the  mre  disappeared  behind  the 
screen,  before  the  cross ;  as  the  times  of  the  vi- 
brations are  not  supposed  accurately  as  2  to  1,  it 
would  happen  that  the  interval  between  the  disap- 
pearances would  decrease,  till  at  length  both  ob- 
jects came  to  pass  behind  the  screen  at  the  same 
instant.  The  instant  of  this  first  coincidence  was 
observed  ;  the  oscillations  then  began  to  disagree, 
afterwards  to  approach,  till  at  length  a  second  coin- 
cidence took  place.     In  the  interval  between  the 
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coincidences,  the  clock  had  gained  two  seconds  on 
the  pendulum  ; .  so  that  the  ratio  of  the  times  of  the 
vibrations  of  the  two  pendulums  was  given.  ^ 

Captain  Kater's  pendulum  wa^  compared  with  two 
clocks,  the  propeity  of  H.  Browne,  Esq.,  in  whose 
house  the  experiments  were  made.  One  of  the^e, 
a  time-piece  by  Gumming,  is  of  such  excellency, 
that  the  greatest  variation  of  its  daily  rate,  from  the 
2'2d  of  February  to  the  31st  of  July,  did  not  exceefl 
three-tenths  of  a  second.  The  clock,  however, 
with  which  the  immediate  comparison  was  made, 
and  in  front  of  which  the  pendulum  was  placed,  was 
one  of  Arnold's,  also  of  excellent  construction. 
The  pendulum  wa3  securely  suspeiided  in  front  of 
this  last,  and  close  to  it,  so  that  it  appeared  to  pass 
over  the  centre  of  the  dial-plate,  with  its  extremity 
reaching  a  little  below  the  ball  of  the  pendulum.  A 
circular  white  disk  was  painted  on  a  piece  of  black 
paper,  which  was  attached  to  the  ball  of  the  pendu- 
lum of  the  clock,  and  was  of  such  a  size,  that,  when  all 
was  at  rest,  it  was  just  hid  from  an  observer  on  the 
opposite  side  of  the  room,,  by  one  of  the  slips  of  deal 
which  form  the  extremities  of  the  brass  pendulum. 
On  the  opposite  side  of  the  room  was  fixed  a  wood- 
en stand,  as  high  as  the  ball  of  the  pendulum  of  the 
clock,  serving  to  support  a  small  telescope,  magni- 
fying about  four  times.     A  diaphragm  in  the  foci(s 

*  B^  du  Syst.  M^trique,  Tom.  III.  p.  S^S. 
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was  80  adjiuted  as  exactly  to  take  in  the  white  disk, 
and  the  diameter  of  the  slip  of  deal  which  covered 
it. 

*'  Supposing  now  both  pendulums  set  in  motion, 
the  brass  pendulum  a  little  preceding  the  clock,  the 
slip  of  deal  will  first  pass  through  the  field  of  view 
at  each  vibration,  and  will  be  followed  by  the  white 
disk.  But  the  brass  pendulum  being  rather  the 
longer,  the  pendulum  of  the  clock  will  gain  upon 
it ;  the  white  disk  will  gradually  approach  the  slip 
of  deal,  and  at  length,  at  a  certain  vibration,  will  be 
wholly  concealed  by  it.  The  instant  of  this  total 
disappearance  must  be  noted.  The  pendulums 
will  now  appear  to  separate ;  and,  after  a  certain 
time,  will  again  approach  each  other,  when  the 
same  phenomenon  will  take  place.  The  interval 
between  the  two  coincidences  will  give  the  number 
of  vibrations  made  by  the  pendulum  of  the  clock  ; 
the  number  of  vibrations  of  the  brass  pendulum  is 
greater  by  two.'* 

Thus  was  determined  the  number  of  vibrations 
made  by  the  brass  pendulum  in  a  given  interval  of 
time ;  and  so,  by  proportion,  the  number  for  a 
whole  day.  The  interval  between  the  two  nearest 
coincidences  was  about  132^'' ;  and  four  of  these, 
that  is,  five  successive  coincidences,  gave  an  inter- 
val of  530"  or  8  minutes  50  seconds ;  after  which, 
the  arc  described  by  the  brass  pendulum  became 
too  small.     The  pendulum  was  then  stopped,  and 
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put  in  motion  anew  as  oft  as  it  was  judged  proper 
to  repeat  the  observations. 

Being  now  in  possession  of  the  means  of  deter- 
mining, with  great  accuracy,  the  number  of  vibra- 
tions performed  by  his  pendulum  in  a  given  time. 
Captain  Kater  proceeded,  by  reversing  it,  to  make 
the  vibrations  equal  in  its  two  opposite  positions. 
The  sliding  weight  mentioned  above  was  used  for 
producing  this  equality;  which,  after  a  series  of 
most  accurate  and  careful  experiments,  was  brought 
about  with  a  degree  of  precision  that  could  hardly 
have  been  anticipated.     By  the  mean  of  12  sets  of 
experiments,  each  consisting  of  a  great  number  of 
individual  trials,  with  the  end  of  the  pendulum 
which  we  shall  call  A,  uppermost,  the  number  oi 
vibrations  in  twenty-four  hours  was  86058*71 ; 
and,  with  the  same  end  A,  lowest,  the  mean  of  as 
many  others  gave  86058.7^1  differing  from  the 
former  only  by  a  hundredth  part  of  a  vibration. 
The  greatest  di&rence  was  .43,  or  less  than  a  half. 
Such  exactness,  we  believe,  has  never  been  exceed- 
ed ;  and  would  hardly  be  thought  possible,  if  the 
data  from  which  so  satisfactory  a  result  was  dedu- 
ced were  not  given  in  full  detail  in  the  paper  before 
us. 

Thus,  for  the  first  time,  after  having  been  an  oc- 
casional object  of  research  for  more  than  150  years, 
has  the  centre  of  oscillation  of  a  compound  pendu- 
lum been  found  by  experiment  alone,  according  to 

18 
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a  method  also  of  universal  application,  and  admit- 
ting of  mathematical  precision.  The  ingenious 
author  has  therefore  the  honour  of  giving  the  first 
solution  of  a  problem,  extremely  curious  and  in- 
teresting in  itself,  independently  of  its  immediate 
connection  with  one  of  the  greatest  and  most  im- 
portant questions  in  the  natural  history  of  the 
Earth. 

The  next  thing  to  be  done,  was  to  measure  the 
length  of  the  pendulum,  or  the  distance  between 
the  knife  edges,  which  had  alternately  served  as  the 
centres  of  suspension  and  oscillation,  and  from 
thence  to  deduce  the  length  of  the  pendulum  vi- 
brating seconds  in  the  latitude  of  London,  which, 
at  the  spot  (Mr  Browne's  house  in  Portland  Place) 
where  the  observations  were  made,  is  51**  31'  8".4. 
It  is  sufficient  here  to  state,  that  no  expedient  has 
been  neglected  that  practical  or  theoretical  science 
is  at  present  in  possession  of,  for  giving  precision 
to  this  measurement,  and  that  it  was  in  all  respects 
such  as  to  correspond  to  the  accuracy  of  which  we 
have  just  seen  so  striking  an  example.  Including 
the  effects  of  temperature,  of  the  buoyancy  of  the 
atmosphere,  of  the  shortening  of  the  arcs  of  vibra- 
tion from  the  beginning  to  the  end  of  each  trial, 
and  reducing  the  actual  vibrations  to  those  in  arcs 
infinitely  small,  the  length  of  the  seconds  pendulum 
from  a  mean  of  the  12  sets  of  experiments  above 
mentioned,  comes  out  S9.1S8iii9  inches,  or  39.1386, 
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reducing  it  to  the  level  of  the  sea.  *  The  greatest 
difference  between  this  result  and  any  one  of  the 
12  of  which  it  is  a  mean,  is  .00028  of  an  inch ;  that 
is,  less  than  three  of  the  ten  thousandth  parts. 
The  mean  difference  among  these  results,  adding 
the  positive  and  negative  together,  as  if  they  had  all 
one  sign,  or  were  all  on  the  same  side,  is  little 
more  than  one  ten  thousandth  of  an  inch  ;  and  as 
the  above  is  obviously  a  supposition  more  unfavour- 
able than  ought  to  be  made,  we  think  the  probabi- 
lity is  very  great  that  the  preceding  result  does  not 

•  The  scale  on  which  this  penduluin  is  measured,  is  Sir 
George  Shuckburgh's^  the  work  of  Troughtoo,  and  of  the 
highest  authority.  It  is  described  by  Sir  George  in  the 
Phil.  Trans,  for  1798.  Gen.  Roy's  scale^  which  is  very  im- 
portant, as  being  that  from  which  are  derived  all  the  mea- 
surements in  the  trigonometric  survey,  was  compared  with 
the  preceding  by  Captain  Kater.  So  also  was  the  yard  on 
what  is  called  the  parliamentary  standard,  which  was  laid  off 
by  Bird,  but  it  would  seem  not  so  carefully  as  might  have 
been  expected.  The  scales  in  the  order  in  which  they  are 
now  named,  appear  from  these  measures  to  be  as  the  numbers 
1;  .99963464;  1. 00000444. 

In  another  communication  from  Captain  Kater,  in  the 
same  volume  of  the  Phil.  Trans,  the  length  of  the  French 
mdtre  is  compared  with  the  yard  on  Sir  G.  Shuckburgh*t 
scale.  He  found  the  tneire  as  marked  by  two  very  fine  lines 
on  a  bar  of  p1atina= 39.37076  inches  on  his  scale;  as  mark- 
ed by  the  ends  of  a  metal  rod  in  the  usual  way,  the  mitres 
S9.S7081.  Supposing  the  two  of  equal  authority,  the  mean 
length  of  the  mitre  is  89.37074  inches.  The  temp,  of  tb« 
scale  62^  of  Fabr. 
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err  so  mucli  as  a  unit  in  the  last  decimal  place,  or 
in  that  which  denotes  ten  thousandths  of  an  inch. 

The  determination  given  above  is  considerably 
diffisrcnt  from  that  which  had  been  received  on  th^ 
authority  of  the  older  experiments.  The  length 
given  to  the  seconds  pendulum,  in  the  bill  for  the 
equalization  of  weights  and  measures,  is  39«130^, 
diflferiog  from  that  just  assigned  by  .00813 ;  a  con- 
siderable quantity,  in  a  matter  where  it  appears  that 
a  ten  thousandth  of  an  inch  is  a  distinguishable 
magnitude. 

To  the  paper  which  ends  mih  the  measures  just 
given,  is  added,  in  an  appendix,  a  letter  from  Dr 
Thomas  Young,  containing  a  demonstration  of  a 
very  remarkable  property  of  the  pendulum  re- 
cently discovered  by  M,  Laplace*  The  proper- 
ty is,  that  if  the  supports  of  a  pendulum,  invert- 
ed as  above  described,  be  two  cylindric  surfaces, 
the  length  of  the  pendulum  is  truly  measured  by 
the  distance  of  those  surfaces.  This  applies  im- 
mediately to  the  experiments  we  have  been  consi- 
dering ;  because  the  knife  edges,  supposing  them 
somewhat  blunted,  may  be  regai*ded  as  cylindric 
surfaces  of  very  great  curvature,  or  of  very  small 
diameter;  and  in  this  way,  as  Dr  Young  very 
justly  remarks,  is  removed  the  only  doubt  that  can 
reasonably  be  entertained  of  the  extreme  accuracy 
of  the  conclusions.  The  theory  of  experiments 
made  with  the  inverted  pendulum  is  therefore 
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much  indebted  to  the  calculus  of  the  profound  ma- 
thematician above  named.  We  have  not  seen  his 
analysis ;  but  a  demonstration  is  sketched  by  Dr 
Young,  that  seems  sufficiently  concise  and  »mple» 
considering  the  recondite  nature  of  the  truth  to  be 
demonstrated. 

Captain  Kater's  paper  is  dated  in  July  1817t 
the  experiments  described  in  it  having  been  made 
previously  to  that  time.  The  same  apparatus  that 
was  thus  perfected  has  been  employed  since,  for 
the  purpose  of  ascertaining  the  length  of  the  se- 
conds pendulum  in  different  latitudes,  with  a  view 
to  the  questions  about  the  figure  of  the  earth# 
That  the  precise  object  of  the  experiments  may 
be  the  better  understood,  it  may  be  proper  to  go 
back  to  the  summer  1816. 

After  the  bill  for  the  equalizatioa  of  weights  and 
measures  was  thrown  out,  the  attention  of  those 
who  promoted  the  scheme  of  equalization,  was  na» 
turally  turned  to  the  determination  of  the  lengths 
of  the  pendulum  ;  so  that  one  of  the  good  effects 
arising  from  the  disappointment  of  the  premature 
plan  of  equalization,  was  probably  that  of  directing 
the  ingenuity  of  the  author  of  this  paper  to  a  sub- 
ject in  which  it  has  been  so  successfully  exerted^ 
This  other  good  effect  also  resulted  from  it.  The 
French  academicians  were  known  to  have  directed 
a  great  deal  of  attention  to  this  subject  %  the  expe- 
riments of  Borda  and  Cassini^  so  often  mentioned^ 
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were  the  most  accurate  that  had  yet  been  made  ; 
and  the  speculations  of  Laplace  had  deduced,  from 
d  collection  of  the  best  experiments  that  he  could 
find,  some  very  important  conclusions  concerning 
the  figure  of  the  earth.     On  this  subject,  however, 
more  information  was  still  to  be  expected,  when 
experiments  of  equal  accuracy  with  those  made  at 
Paris  should  be  repeated  in  different  latitudes*     It 
would  then  be  seen,  whether  the  lengths  of  the 
^pendulum  agreed  in  giving  the  same  figure  to  the 
earth  with  the  measures  of  degrees  of  the  meridian, 
and,  if  they  did  not,  in  what  respects  they  differ- 
ed*    This  was  the  more  desirable,  that  some  in- 
consistencies had  been  found  in  the  information 
derived  from  the  last  of  these  sources,  and  that 
there  was  reason  to  think  that  the  same  causes  of 
'inconsistency  might   not  affect  the  experiments 
made  with  the  pendulum.     The  pendulum  mea- 
sures  the  intensity  of  gravity ;  but  its  vibrations 
are  little  affected  by  the  direction  of  that  force. 
The  measures  of  degrees,  on  the  other  hand,  are 
extremely  sensible  to  whatever  affects  the  direc- 
tion of  gravity,  but  not  much  to  what  only  changes 
its  intensity.     Hence,  each  of  these  methods  of 
inquiring  into  the  figure  of  the  earth  contains  a 
remedy  for  the  imperfections  of  the  other ;  each  by 
itself  is  incomplete ;  and  both,  of  course,  ought  to 
be  employed. 

It  has  been  imagined,  that  the  intensity  of  gra- 
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vity  suffers  less  alteration  from  the  action  of  local 
causes  than  the  direction  does ;  and  that,  on  that 
account,  the  conclusions  deduced  from  the  pendu- 
lum are  more  likely  to  be  free  from  inconsistency 
than  those  that  depend  on  the  measurement  of  de- 
grees. But  it  must  not  be  supposed  that,  with  the 
pendulum  carried  to  its  present  state  of  sensibility 
and  precision,  the  results  will  be  free  from  incon<» 
sistency,  or  beyond  the  influence  of  the  local  irre- 
gularities that  may  exist  immediately  under  the 
surface  of  the  earth.  Were  the  pendulum  the 
same  inaccurate  instrument  that  it  was  a  few  years 
ago,  it  might  not  feel  the  influence  of  such  causes 
as  only  increase  or  diminish  the  intensity  of  gravi- 
ty by  a  very  small  part  of  the  whole.  But,  when 
the  length  of  the  pendulum  can  be  determined  to 

the  ten  thousandth  of  an  inch,  or  to  — — —  of  its 

whole  length,  the  force  of  gravity  is  measured  with 
the  same  precision,  and  one  part  out  of  1349^9 
is  rendered  sensible.  Now,  it  seems  to  us  proba- 
ble, that  the  variation  in  the  density  of  the  strata 
immediately  under  the  surface^  may  produce  a 
change  in  the  intensity  of  gravitation,  much  more 
considerable  than  one  part  in  1349^9  ;  the  pendu- 
lum will  not  fail  to  be  affected  by  this  irregularity, 
and  to  give  information  of  it.  The  force  with 
which  Schehalien  disturbed  the  plumb-line  was  about 

grsyg  of  gravity,  or  nearly  four  parts  in  134959* 

VOL.  IV.  L  1 
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We  think  that,  withoutany  exaggerated  suppositions, 
by  the  presence  of  an  extensive  stratum  of  gneiss, 
or  of  hornblende  schistus,  or  of  any  great  body  of 
granite  immediately  under  the  surface  at  one  place, 
and  of  chalky  common  sandstone  or  limestone  at 
another,  a  difference  in  the  intensity  of  gravity^ 
even  greater  than  the  preceding,  may  be  readily 
produced.  The  extreme  sensibility  to  which  the 
apparatus  of  the  p^idulum  has  been  brought  by 
Capttin  Kater,  though  it  adds  infinitely  to  the 
filue  of  the  instrument,  will  not,  probably,  add  to 
the  consistency  of  its  reports.  On  that  veiy  ac- 
aoimt,  however,  those  reports  will  affiird  more  im- 
portant information  concerning  the  consttCution  of 
the  Globe ;  and  the  manner  of  extracting  from 
them  the  most  probable  average  result  is  also  suffi- 
ciently understood. 

We  venture  to  throw  out  these  conjectures  be- 
fore the  new  results  have  been  communicated,  (ex« 
cept  those  of  Paris  and  London  ;)  and  if  we  are 
wrong,  we  have  the  satisfaction  to  know,  that  our 
error  will  be  soon  corrected. 

As  the  Academy  of  Sciences  was  already  en- 
gaged in  experiments  of  the  same  kind  with  those 
which  were  to  be  undertaken  under  the  direction  of 
the  Royal  Society  of  London,  it  was  resolved  by  the 
latter,  on  the  motion,  we  believe,  of  the  President, 
to  invite  the  former  to  authorize  some  of  its  mem- 
bers to  join  in  the  experimental  and  astronomical 
researches  of  which  England  was  about  to  become 
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the  theatre.  The  invitation  was  accepted ;  the 
Governments  of  both  countries  signified  their  acqui* 
escence,  and  offered  their  support ;  and  the  friends 
of  science  every  where  rejoiced  in  this  mark  of  cor-* 
diality  exchanged  between  two  societies  which  the 
misfortunes  of  Europe  had  so  long  placed  at  a  duh 
tance  from  one  another.  In  the  beginning  of  the 
summer  1817,  M.  Biot  arrived  in  England,  fur- 
nished  with  an  apparatus  for  determining  the  length 
of  the  pendulum,  the  same,  we  believe  nearly,  that 
was  used  by  Borda  and  CassinL  It  was  agreed  thai 
observations  on  the  length  of  the  pendulum  should 
be  made  at  London,  at  Edinbiurgh,  and  at  the 
northern  extremity  of  the  greatest  arc  of  the  men** 
dian  that  was  to  be  determined  by  the  trigonome* 
trical  survey  of  Britain,  which,  as  was  already 
known,  must  terminate  in  Shetland,  between  the 
small  islands  of  Unst  and  Balta.  M.  Biot,  accom- 
panied by  Colonel  Mudge,  his  son  Captain  Mudg^ 
and  Dr  Olinthus  Gregory,  repaired  to  Edinburgh* 
and,  having  made  observations  at  Leith  Fort,  em- 
barked for  Shetland.  They  were  joined  by  Captain 
Colby,  who  conducted  the  trigonometrical  survey, 
and  who,  with  the  zenith  sector,  was  about  to  ob- 
serve the  highest  latitude  to  which  his  system  of 
triangles  would  extend.  Colonel  Mudge  was  forced^ 
by  bad  health,  to  return ;  M.  Biot  and  Dr  Gre- 
gory made  their  observations  separately,  but  in 
the  same  small  island;  and  the  former  conti- 
nued till  late  in  the  season  on  die  barren  rock, 
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I 

where  he  was  almost  left  alone,  surrounded  by  a 
stormy  sea,  and  a  dusky  and  inclement  sky.     The  . 

spirits  of  a  man  accustomed  to  the  finer  climates  of  I 

the  south,  must  have  sunk  in  such  a  situation,  had 
they  not  been  supported  by  his  love  of  science,  and 
his  zeal  for  promoting  its  interests.  He  has  writ- 
ten an  account  of  his  visit  to  Great  Britain,  and 
particularly  of  his  reception  in  Scotland  and  the 
Ldes,  drawn  up  in  an  excellent  spirit,  full  of  good 
temper,  cheerfulness,  and  a  disposition  to  be  pleas- 
ed ;  and  abounding  also  in  judicious  remarks.  The 
Shetland  Isles  seem  particularly  to  have  interested 
him  ;  and  the  contrast  between  the  aspects  which 
the  moral  and  physical  world  presented  in  that  re- 
mote region,  to  have  struck  him  forcibly.  He  was 
pleased  with  the  kindness,  hospitality,  and  intelli- 
gence of  his  hosts  ;  and  theyi  no  doubt,  were  filled 
with  respect  for  an  illustrious  stranger,  who,  from 
the  centre  of  civilization,  had  penetrated  into  their 
distant  isle,  and  was  connecting,  with  the  researches 
and  the  renown  of  Science,  the  obscure  and  se- 
questered corner  in  which  Providence  had  fixed 
their  habitation.  He  must  have  experienced  feel- 
ings of  high  gratification,  on  considering  that  he 
had  now  assisted  in  defining  both  extremities  of  a 
line,  extending  from  the  most  southerly  of  the 
Balearic  to  the  most  northerly  of  the  Shetland 
Isles,  the  longest  that  the  finger  of  Geometiy  had 
yet  attempted  to  trace,  or  her  rod  to  measure,  on 
the  surface  of  the  earth  ;— a  work  that,  in  all  ages. 
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it  will  be  the  boast  of  the  nineteenth  century  to  have 
accomplished.  The  different  aspects  of  nature,  at 
the  remote  stations,  which  he  had  successively  oc- 
cupied, would  not  fail  to  present  themselves  with 
all  the  force  that  contrast  can  bestow ; — ^the  bright 
sun,  the  cloudless  skies  of  the  south,  the  glowing 
tints  and  the  fine  colouring  of  the  Mediterranean, 
compared  with  the  misty  isle  on  which  he  now 
stood,  and  the  tempestuous  ocean  which  was  raging 
at  his  feet.  If  he  turned  to  the  moral  world,  the 
contrast  was  also  great,  but  it  was  reversed ;  and  he 
would,  perhaps,  think  of  the  fierce  barbarians  before 
whom  he  or  his  companions  bad  been  forced  to 
fly,  when  the  lonely  islander  was  opening  his  cot- 
tage to  receive  him,  and  defend  him  from  the  storm. 
He  would  not  then  fail  to  reflect,  how  much  more 
powerful  moral  causes  are,  than  physical,  in  deter- 
mining the  good  or  evil  of  the  human  character. 

M.  Biot,  on  his  return  to  London  in  the  autumn, 
was  joined  by  MM.  Arago  and  Humboldt,  and,  in 
conjunction  with  these  illustrious  associates,  com« 
pleted  his  experiments.  The  results*  have  not  yet, 
we  believe,  been  given  to  the  public  ;  neither  have 
those  of  Dr  Gregory.  The  scientific  world  waits 
impatiently  for  both. 

During  the  present  summer  Captain  Kater  has 
visited  the  same  stations,  as  well  as  some  others  par- 
ticularly connected  with  the  trigonometrical  sur- 
vey, employing  the  apparatus  above  described  for 
aaeertaining  the  length  of  the  pendulum.    The  re- 
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suit  Off  olMerrtttkms  made  at  mx  diflbrent  pointa^ 
fhmi  Unst  in  Shetland  to  Duimose  in  the  hte  of 
Wight,  may  be  expected  in  the  coune  of  the  tssm" 
ing  winter.  A  great  advantage  that  results  from  the 
manner  in  which  his  experiments  are  made,  is  the 
comparative  shortness  of  the  time  that  they  take  up. 
After  the  rate  of  the  c\o€k  has  been  ascertained,  the 
observations  of  the  pendnlnm  may  be  finished  m 
three  or  four  days,  and  the  number  of  its  vibratioDS 
in  twenty-four  hours,  determined  within  a  fractioti 
of  a  second.     Thence  the  length  of  the  seconds 
pendulum  is  easily  deduced,  being,  to  that  of  the 
invariable  pendulum  used  in  the  experiment,  and 
of  which  the  length  is  already  accurately  known, 
as  the  square  of  the  number  of  vibrations  perform- 
ed by  this  last  in  twenty>four  boors,  to  the  square 
of  86,400,  the  number  of  seconds  in  the  same  time. 
When  the  experiments  are  conducted  in  the  way 
followed  by  the  French  astronomers,  the  length  of 
the  pendulum  must  be  measured  anew  at  every 
station.     We  cannot  help  thinking,  that  the  fre- 
quent repetition  of  an  operation,  which  it  is  always 
difficult  to  perform  with  accuracy,  ought  as  much 
as  possible  to  be  avoided. 

While  we  are  concluding  this  article,  we  learn, 
with  great  satisfaction,  the  farther  progress  of  other 
operations  connected  with  those  of  which  we  have 
been  giving  an  account.  Captain  Colby,  after  finish- 
ing his  campaign  among  the  Scottish  mountains,  is 
at  this  moment  on  his  way  to  Dunkirk,  lor  the 

11 
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parpose,  as  we  suppose,  of  joining  the  French  ma- 
thematicians, in  order  to  examine,  over  again,  the 
junction  of  the  English  and  French  triangles,  and 
to  determine  the  latitude  of  the  extreme  point  of 
the  meridian  of  Paris  with  the  zenith  sector — the 
same  excellent  instrument  that  has  been  used  for 
all  the  celestial  observations  in  the  British  survey. 
As  this  will  involve  a  comparison  between  that  sec- 
tor and  Ramsden's  great  theodolite  on  the  one 
hand,  and  the  repeating  circle  on  the  other,  it  will 
be  an  experiment  of  great  interest  to  astronomers ; 
and,  we  believe,  the  conduct  of  it  could  not  be  in 
better  hands  than  those  into  which  it  is  about  to  be 
committed.  Orders,  we  understand,  have  been 
given  by  Lord  Liverpool  for  preparing  every  thing 
that  may  be  required  along  the  coast  of  Britain. 
The  liberality  and  steadiness  with  which  Admini- 
stration has  supported  the  trigonometrical  survey 
from  its  commencement,  is  deserving  of  the  great- 
est praise,  and  is  a  strong  claim  to  the  gratitude  of 
the  Scientific  World. 


FINIS. 
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